WASA 0P )70, T27

o NASA-CR-170829
o 19830021035

A Reproduced Copy

OF

NES LRy, 529

Reproduced for NASA
by the
NASA scientific and Technical Information Facility

LIBRARY GOPY

SE2 A4S 1984

LANGLEY RESEARCH CENTER
LIBRARY, NASA
HAMPTON, VIRGINIA

~
FFNo 672 Aug 65 AT



£O- 08¢

/\/ EVOLUTIONARY SPACE PLATFORM CONCEPT STUDY
MCDONNELL S
DOUGLAS - VOLUME - TECHN!CAL REPORT
comronamon PART B - MANNED SPACE PLATFCR! CONCEPTS
MAY 1982 MDC HD072
DPD 610
DR-4
(NASA-CB-170829) LEVOLUTIONARY SPACE 1i83-29306
PLATFORM CONCEPT STUDY. VOLUME 2, PARY <3
MANNED SPACE PLATFORHM CONCEPTS Final
Technical Report (iicDonnell-Douglas Unclas
G3/18 28200

Astronautics Co.) 500 p HC AZ21/HF AO1

APPROVED BY: a:%j -2

i FRITZ C. RUNGE
STUDY MANAGER

PREPARED UNDER NATIONAL. AERONAUTICS AND
SPACE ADMINISTRATION CONTRACT NAS8-33592

MCODONNELL DOUGLAS ASTRONAUTICS COMNMPANY-MHURNTINGTON BEACKN
5301 Boilsa Avenue Huntington &each, California 92647 (714) 896-3311

L M73ea




This Page Intentionally Left Blank



P T B T P PRI R Y R e T

TP G e F s L U Labidi s Y I e e AT s

R et T AL R o O T

FOREWORD

The Evolutionary Space Platform Concept Study encompassed a 10-month effort to
define, evaluate and compare approaches and concepts for evolving unmanned and
manned capability platforms beyond the current Space Platform concepts to an
evolutionary goal of establishing a permanent-manned presence in space.

The study included three parts:
Part A - Special emphasis trade studies on the current unmanned
SASP concept
Part B - Assessment of manned platform concepts
Part C - Utility analysis of a manned space platform for defense-

related missions
[
In Part A, special emphasis trade studies were performed on several design and
operational issues which surfaced during the previous SASP Conceptual Design
Study (reference: MDC G9246, October 1980) and required additional studies to
validate the suggested approach for an evolution of an unmanned platform.
Studies conducted included innovative basic concepts, image motion compensation

study and platform dynamic analysis.

The major emphasis of the study was in Part B, which investigated and

assessed logical, cost-effective steps in the evolution of manned space plat-
forms. Tasks included the analysis of requirements for a manned space
platform, identifying alternative concepts, performing system analysis and
definition of the concepts, comparing the concepts and performing programmatic
analysis for a reference concept.

The Part C study, sponsored by the Air Force Space Division (AFSD), determined
the utility of a manned space platform for defense-related missions. Requests

for information regarding the results of Part C should be directed to Lt. Lila
Humphries, AFSD.

PRECEDING RAGE BLANK NOT FILMED




‘ The study results from Parts A and B are reported in these volumes: p
S Volume I - Executive Summary Ei
é{ ~ Volume II - Part A - SASP Special Emphasis Trade Studies
,;' Volume II - Part B - Manned Space Platform Concepts
T Volume III - Programmatics for Manned Space Platform Concepts
Q’%l Questions regarding this report should be directed to:
- F Claude C. (Pete) Priest
ok NASA/George C. Marshall Space Flight Center, PFO1
o Marshall Space Flight Center, AL 35812
L E (205) 453-0413
‘5 or
kié Fritz C. Runge, Study Manager
. McDonnell Douglas Astronautics Company
. 5301 Bolsa Avenue
B Huntington Beach, CA 92647
- (714) 896-3275
>
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Section 1
_ INTRODUCTION

The recent launches of the Space Shuttle and the anticipated oper&tion of the
Spacelab in the near future are bringing new capabilities to the science and
applications communities to accomplish missions in space. These new systems
will facilitate the launch, retrieval, refurbishment and reflight of
scientific payloads. While the Spacelab sortie mode of operation will
continue to be an important tool for the science and applications users,
efforts are also in progress to define an approach to provide a simple and
cost-effective solution to the problem of long-duration space flight. This
approach involves a Space Platform in Tow earth orbit, which can be tended by
the Space Shuttle and which will provide, for extended periods of time,
stabflity, utilities and access for a variety of replaceable payloads.

The program will also be evolutionary in nature. The addition of a
pressurized module (which could be derived form Spacelab) to the Space Plat-
form will provide a manned habitated orbital system. This manned space
platform (space station) in low earth orbit is seen to be the next major
capability needed for the areas of science, applications, technology and
commerce. Such a capability offers the ultimate approach to capitalizing on
the considerable synergism which is possible when man is used to complement
equipment in orbit. The vast potential of this type of capability has been
proven in Skylab and will be proven again in Spacelab. Because of the
relative short duration of a Spacelab flight, there is also considerable
interest among some investigators with manned payloads on Spacelab to reside
for longer periods,

Moreover, the manned space platform concept must recognize the realities of
budget constraints and payload availability, both of which combine to prescribe
a vehicle of modest beginnings and yet flexible for growth into service for
those major orbital operations that are emerging. It is apparent that the
early manned space platform will support Spacelab-type and derivative payloads.
Next, in preparation for later major operations, an interim step of advanced
capability development must be accomplished. Finally, with such new

1
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capabilities, major operations will be implemented to support large structure
assembly, orbital transfer vehicle basing and spacecraft servicing. This
latter activity is envisioned as feasible by the mid-1990s, if the enabling
technology is developed in the early 1990s.

Basically, the technology to provide long-term residence for man in space is
in hand and there are now payloads for science, applications and commerce in
development which can utilize such a capability. The advanced capability to
perform major complex operations must yet be developed and tested in orbit.

The study objective for the Manned Space Platform (Part B) was to define,
evaluate and select cogcgpis for establishing a permanently manned presence
in space early, with a maximem of existing technology. The study included
five tasks: Task Bl - Requirements Analysis for a Manned Space Platform,
Task B2 - Concepts Idantification, Task B3 - System Analysis and Definition,
Task B4 - Comparteon oP-Gozcepts and Task BS - Programmatics.

Section 2 of this book describes the results of the systems requirements
analysis, including the details of candidate payloads for an early manned
space platform. Sectien 3 describs a number of basic concepts for a manned
space platform and an evaluation of their features, benefits and constraints.
Section 4 describes the detailed systems analysis and definition performed on
two basic concepts recommended in the previous section. Section 5 describes
the evaluation approach and recommendation for a reference concept for a
manned space platform.  Section 6 summarizes the recommended reference concept
including a description of the overall configuration, subsystems description
and mass summary. Section 7 describes the technology requirements for the
early manned space platform.

The appendices provide a list of references (Appendix A), a list of the
acronyms and abbreviations used in this report (Appendix B) and the Design
Guidelines and Criterfa Document (Appendix C) prepared under the system
requirements task.

Study results and recocmendations must be evaluated and compared within the
context of the fundamental guidelines and the major assumptions used in

Vit
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performing the analyses and/or developing the conceptual designs. Therefore,

to provide such a frame of reference for the material to be discussed, the
original study guidelines are summarized as follows:
® The Space Shuttle shall be considered as the earth launch vehicles
and the Space Shuttle User's Handbook shall be used to provide the
associated guidelines.
® The Space Platform shall be used as the basic resources module for
the manned space platform concept.
¢ Maximum utilization of existing hardware, technology, expertence and
facilities is desired.

This study, therefore, addressed the feasibility of an evolutionary space
system which would cost-effectively support long-duration manned payloads
using a Space Platform which provides centralized basic subsystems as a

sequel to the Shuttle-Spacelab sortie (seven- day) flight of manned payloads as
shown in Figure 1-1.

Figure 1-1

SPACE PLATFORM
EVOLUTION

Spacelab
Sortie

:owu !‘ 1 (;‘.-' -
lattorm 2 4508
Pl '., Np o £¥1- .
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: Manned Plattorm
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The objectives of the study in brief are listed in Figure 1-2 and the key
program considerations in Figure 1-3.

Figure 1-2 . (~
STUDY OBJECTIVES

Define, Evaluate, and Select Concopts for Evolving:

© A Spaco Station in Conjunction with the Space Platform
for NASA Sclence, Applications and Technology

® A Permanently Manned Presence in Space Early, with a
Maximum of Existing Technology

Figure 1-3
KEY PROGRAM CONSIDERATIONS

VFOTIe

e Foundation of Realistic Payloads

o Conservative Budget Assumptions

® Goals for Initial Capability

o Goals for Capability Growth Steps

o Capabilities of Power System

° Ex}ent of Existing Equipment Use

© Revisit/Resupply Logistics Scope

e Safety and Contingency Management

e Involvement and Impacts of Participants Other Than NASA
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The study was performed in classic Phase A fashion as illustrated in the

study flow depicted in Figure 1-4. Note again, only Subtasks B.1, B.2, B.3

and B.4 are reported in this Volume II B, whereas Subtask 8.5, Programmatics,
is documented in Volume III.

Figure 1-4 ViRas ¢

. TASK B — MANNED PLATFORM CONCEPT

B.3 System Analysis
and Dafinition

e System
‘—r_> ¢ Vchicles
* Subsystoms

s Interfaces

| |
8.1 Requirements : l [,_
| O = mp g e s — ‘-——.
: g:gtrgr‘gc:r : B.4 Comparison
L —J

of Concepts

B.2 Concept identification L ‘"I/X

o Existing Technology
« Advanced Technology <‘_r-:—|_' B.5 Programmatics

The conclusions of the study are outlined briefly in Figure 1-5. It is
important here to note that the concept embodies an initial step of some
conservatism.

This approach was based on the results of the payload survey, which indicated
a group of users which could well be served by two to four people envisioned
as the crew of an early 1990s station. However, the valid prospects of much
more extensive operations in the late 1990s called for a concept which could
be modularly expanded to serve first of all the prepatory technology develop-
ment needs and then finally the actual major operations.

o
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STUDY CONCLUSICNS
# Manned Space Plstform ($250K Study)
« Initial Phase Modast Size Group for Sclence and Applications
(First 2 Yeara) {Logads of 2-4 Pallets + 1-2 Spscclabs)
* Mid-Phase tiore of the Above Plus Technology
{3rd-5th Years) Demonstrations for Advanced Copabilitios
 Uitimate Phese Large Structurs Buildup, OTV Basing and
(5th Year On) Spacocraft Servicing

IProgram Scope !

» Modest Beginning
and Growth
Indicated

* Vehlcle

* Subsystems
+ Advancod
Capnbl!ltles

Modest Initially With Growth Flexibility;
Slaved to Firm t4anned and Unmanned Progrem Heeds

Initial Crew of Two Growing to Four
(Contral Module Payload Module Logistics
Modules — Habitat Modutes Extarlor OP’s. fodule)

Modifled Spacsiab Satisfles Habltatand Peyload Module

Needs

Much Existing; Some Adaption Required

Much to Be Done; Demonstretions for Ultimate
Operational Phate
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Section 2
SYSTEM REQUIREMENTS (TASK B.1)

Introduction
The broad program objectives for the manned platform are listed in Figure 2-1.
The approach to this task, as dictated by the contract Statement of Work,
considered the following:

¢ manned safety criteria

e maximum use of existing hardware

o evolutionary growth

o currently identifiable/prcyected mission requirements

Because of the preliminary nature of definition of the last of the afore-
mentioned items, the preliminary design developed initially considered mainiy
the first three items. The mission requirements were identified/projected as
a result of an extensive survey conducted as the study progressed. This meant

Figure 2-1 \FPOLS

EROAD PROGRAM OBJECTIVES
~- MANNED PLATFORM —

= [ Now Low-Earth-Orbit Capabliity)

- Long-Duration Manned Presence With Periodic Shuttie Visits

[} lSchodulo. Initial and Future Capabilmes!

— 1888: Selacted Sclence, Applications und Technology Payloads

-~ 1895: Growth to Support Major Operational Fisslons On-Site and
in Remote Orbits

= Lﬂemlonshlp to Other Capabll!ilosl

- Complement to Unmanned Spacecraft and Short Duration Spacelab

[ ] |5upport Systemsl

- Shuttle and Space Platform

[ ] tl'echnology Approach]

— Existing Hardware Wheraver Cost-Effective
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that a general, early capability system (primarily and R&D-type facility) was
initially conceived using existing (or assumed to be existing) hardware--
Shuttle, Spacelab and Power System to be specific.

The R&D nature of the facility conceived, as it turns out, was quite appro-
priate in view of the R&D nature of the mixture of candidate payloads that
was identified as the study progressed. However, the regquirement for growth
into later capability for "larger, longer duration science/applications and
space operations" was assured by the incorporation of numerous features for

<
i

modular exchange or growth at the subsystem and vehicle levels.

Y

e i bl
S e e vl

Moreover; the initial incremental capability of the system developed was
purposely prescribed to be conservative, i.e., a crew of two to four, to
capitalize on Skylab, Shuttie and Spacelab experience and to keep initial
costs low. Such conservatism is appropriate since it is clear that the manned
platform would fulfill the needs of one segment of the total payload community
"pie" as shown in Figures 2-2A and 2-2B. Other payload carriers (Unmanned-

IR

&

Dedicated spacecraft, the Unmanned-Multi-user spacecraft and Short-Duration

T

R PR T VR MR X B

Figure 2-2A
ROLE OF MANNED PLATFORM v
IN PAYLOAD CARRIER FLEET

e
el
&
0

Manned

o Unmanned | Shuttle
s Dedicated | Sorties
2 Spacecraft | [Short
44 Duration]
Unmanned Manned
Multi-User . For Those
Platforms Long-Duration Research
Plattorms !
Development
3 and Operational
o Activities
: That Require
¥ Long Term
5 Presence of Man
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Figure 2-: VIR e

FUTURE SPACE ACTIVITIES VIA SHUTTLE
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Shuttle) will continue to fulfill the needs of many payloads which have either
no requirement for man in orbit at all or are <atisticd with the seven-day

Shuttle flights. Recoanizing this, our carly concepts for the manned plat form
began conservatively and were hept <o even moreso by presumed tunding
constraints. This conservatism fn approach was manifested tivst of all in (hv
considerable use of hardware clements from Stuttle. Spacelab and even Shylab,
since with some adaption moditications, they could be used to considerable and
good advantage.  Again, tor later arowth, the carly elementy of the systom

were fashioned to poermit casy, modular additions,

The need for such growth, it was condluded, remaned to be prescribed by some
study which would analyze and define the character of Targe space operations,
most probably, it appears, n the arcas of large structure construction,

upper stage basing and spacecraft servicing.

Thus, the manned plattorm developed in this study was based on systom requive-
ments that embodied conservatise, Tow-cost and mavimum-use of evisting

equipment, all aimed at an carly capability but with growth potential.
\ A X
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There are four general categories of requirements which make up the totality
of manned platform system requirements, as shown in Figure 2-3. Since there
wils no specific set of payloads prescribed for the study, the definition of
péyload accommodation and operation requirements were developed as the study
ﬁrogressed. However, basic provisions for numerous interior and exterior
payloads were incorporated into the basic concept.

The remaining three requirements categories were covered in a special
document prepared early in the study, entitled MDAC Design Guidelines and
Criteria, published as Appendix C to this final report. This 52-page
document was compiled by reviewing the requirements prescribed in Shuttle,
Spacelab, Skylab and all of our past space station studies. It was reviewed

by NASA/MSFC, modified as to their comments and republished. These categories

pertain primarily to the sustenance and effective daily routines of the crew,
interfaces with those systems that would support this new system in the 1990s
and, the many impacts of operating, supporting and assuring reliability and
safety in the orbital mode.

Figqure 2-3
VEQaat
REQUIREMENTS CATEGORIES
Manned Platform )
System Requirements
Interfaces Orbital
Acc:::r::;tlon Acco(f:nr::auon with Environment,
and and Related Systoms Oparstions,
y (Power System, Logistics and
Operation Activitles Shuttle. Etc.) Safety

[ Payloads with |
Significant Rois
for Man [MDAC Design Guidelines and Criteria Documenl]
Selected by
MDAC for Study

L
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This subtask (B.1) introduces and feeds into the related study subtasks as
shown in Figure 2-4. The contents of this section ave as follows:
Subsection 2.1 identifies the types and phasing in prospect for payloads in
general. Subsection 2.2 cutlines the basic and growth objectives envisioned
for the manned space platform configuration. Subsection 2.3 addresses
fundamental crew accommodation assumptions, whereas 2.4 defines the source of
the Space Platform used as a reference design. Subsection 2.5 highlights the
overall requirements for accommodating payloads, crew and vehicles in the
unique environment of space and 2.6 defines the MDAC background that consti-
tutes the fourndation for the System Design Guidelines drafted for and used in
this study and presented in Appendix C.

2.1 PAYLOAD REQUIREMENTS/GENERAL (details in 2.7)

Since there is not as yet any specific mission model or set of payloads planned
for a manned platform, out study began with a survey of potential payload
candidates. This survey concluded that there were four basic areas of need
emerging for a space station, namely, (1) lonqer-duration reflight of those
manned-involvement payloads which will fly on short-duration Shuttle/Spacelab
flights (2) new innovative payloads which will signficantly benefit from manned
involvement and (3) technology demonstration payloads preparing for future
missions which would benefit from support from a manned-base for assembly,
staging or servicing and finally (4) payloads for the actual conduct of such
advanced missions (see Figure 2.1-1).

Specifically, the survey identified payload activities in three phases, as
shown in Figure 2.1-2. The cvolution of activities would therefore, with
selacted examples, develop as shown in Figure 2.1-3. The schedule phasing of
such an activity as cryo stage technoloqy and later OTV operations is shown in
Figure 2.1-4, inteqrated with a representative mix of other payloads. Note
that only certain science and applications disciplines are represented in this
Tist. RNumerous other science payloads will be satisfied with short-term manned
flights on Shuttle/Spacelab or do not need direct in situ maouned involvement at
all and thus will fly an unmanned spacecraft,

1
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B.3 System Analysis
and Definition

e System

e Vehicles

e Subsystems
¢ Interfaces
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{ Customer |
| Approval |
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B.4 Comparison
of Concepts
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B.2 Concept Identification
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¢ Existing Technology

¢ Advanced Technoiogy <_—__1—r B.5 Programmatics

Figure 2.1-1

EMERGING NEEDS FOR A
MANNED PLATFORM

[Longer Flight for Certain Shuttle/S

pacelab Payloads | -

@ The Number of Manned Sortie Payloads Is Growing and fany

Will Benefit Substantially From Subse
Longer Duration

quent Flights of Much

[ New, Innovative Uses of Man |

B8 Many Science, Applications and Commercial Projeci Plans
include Major Use of Man in Orbital Residence

[Laboratory for Advanced Hardware and Techniques)|

8 Many Future Space Missions will Be Large Scaie and Require
Advance Capability Developments Which Must be Pre-Tested

for Long Periods With ian in Orbit to

Evaluate Performance

| Extensive Crew-Use in Large Scale

Mission Support]

8 Many Weeks of Space Resident Crew A

stivity Will Be Required

to Setup and Checkout Planned Spacecraft With Large Reflectors,
Orbital Transter Vehicles and Periodic Servicing '
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. Figure 2.1-2
MANNED PLATFORM PAYLOADS

VFO799

¢ Sofar-Terrestrial Sclence
zf“m’ ¢ Oceanography
On-Slte ¢ Materiala Processing
Rissions {(Pharmaceutical Experiments)
o Life Science
« Propellant Storage/Handling | Early
e Large Structuros Years
Performarce * Remota Control Servicing
xz‘lvanced * Environmental Controls
Capability * Sensors and Pointing Systems
Testing * EVA Tochniques and Accessories
* Unmanned Vehicle Maneuvering/Docking
¢ Pharmaceuticsl Pilot Plant J
¢ GEO-Risclon Staging
gggsgl'ltonal ¢ Largo Payload Setup/Alignment
for * Spacecrelt Recovery and Servicing Later
Remote * Subsatollites and Targots Years
Miszions ¢ Pharmaceutical Production Plant J

Figure 2.1-3
EVOLUTION OF vFasso
MANNED PLATFORM ACTIVITIES

\
. [Exewries]
SCIENCE AND | oLA
APPLICATIONS ® SOLAR-TERRESTRIAL . R
PAYLOADS 29 N . ® TERRESTRIAL
 OCEANOGRAPHY (1089) v | - i e oot RAPHY
1 o LIFE

' %% 1” .‘uuemm (1020) :
@‘«é&% £

REUSABLE STAGE
SUBSYSTEM (1992)

{

I

I

I

|

L fotmscoay
TESTING

7\

I EXAMPLE i

> LATER

REUSASLE STAGE YEARS

|
L_ OPERATIONAL suppoRT | CPERATIONS (1996)
OF REMOTE MISSIONS
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Figure 2.1-4 viors

-MANNED SPACE PLATFORM UTILIZATION (‘)
(CANDIDATE PLAN) :

1080 191 1292 1593 1994
23 3JaflafJala[s]loeleloa]leleles]eo]esis]|o]sa]s
CREWSIZE o) SOLAR
] PLATFORM ACTIVATION AND CHECKOUT TERRESTRIAL
LAR OBSERVATORY
AT &) S —
A ience 3 — T |

LGl B L1 L3 3 3
e OO 0 O =
A Y vvemen T - D 3 -

& T143 OPE RAYIOLQ P33
o 2 s N Tl =
A Jcnvo[] Cd O3 (oycEmmosd
STAGE
T
éﬂl:.?FE SUPPORY I'ECNQ CLOSED LOOP LIFE SUPPORT OPERATIONS g
Acan [ (-] (]
SERVICING
8
, In order to assure a reasonably-substantial set of potential users for the
75? early manned platform being conceived, the payloads selected were only those
E which now had active NASA sponsorship, either in study or development activity.
Figure 2.1-5 Tlists such payloads with the sponsoring organizations.
2 Many of the payloads selected are not as yet defined in terms of a configura-
f tion and operational mode for a manned space platform (MSr). Therefore,
% deszriptions were developed in this study for each payload (covered in
4 Paragraph 2.7 to varying depths using available information or in-house
; expertise) so that appropriate categorical configuration-driver accommodations
3 would be incorporated into the MSP concept.
~ |
0 L
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REPRESENTATIVE veour
PAYLOADS REQUIRING
MANNED SUPPORT ON ORBIT

@ Solar Torrestrial  — Soft X-Ray, SEPAC, AEPI, WISP (GSFC and MSFC)

u Ocesnograghy - Synthetic Aperture Radar (JPL)

s Lile Sclances — Research Animal-Holding Facliity (Ames)
— Blomedical Test Equipment (43C)

a Materizls - Pharmacauticat Pllot Plant (RRDAC)
Procsasing = KEC (}2SFC)

@ Technology for  — 10-30m Deployable Reflectos (Amos and JPL)
Advanced - Deployzbio Beama and Antennas (MSFC and JPL)

Capabiiities - ECLSS (J45FC, JSC, Amas)
— Prepeilant Storags and Trantter (LRC)
- Telaoperator Maneuvering Syatem (MSFC)

a Advanced - Large Structure Bulldup FASFCISPLIISC)
Capabliiiics — Spacecrali Servicing (FMASFC end QSFC)
_ - Orbital Transter Vehiclo Bosing (RSFC)

The Space Platform id its 12.5 kW, 25 kW and greater growth versions can more
than accommodate the payloads identified in this study. Specifically, our
concept for a basic, earliest MSP is one with possibly only two men, two
exterior pallet payloads and a few internal rack payloads, certainly within
the capacity of the 12.5 kW Space Platform. Next, the concept for an expanded
MSP adds move interior payloads and an exterior technology demonstration
payload, or two, easily accommodated by tue 25 kW version of the Space Plat-
form. Ultimately, when major materials manufacturing plans may be added, some
50 kW growth version of the Space Platform would be needed.

Since the Space Platform was being designed to flexibly accommodate a vast
array of manned and unmanned payloads, there was me additional analysis
conducted to define detailed payload requirements for power, thermal control,
comuwnications or data. Rather, the effort focused on internal and external
configuration accommodations for the paylods and their operations plus the
distribution systems within the manned platform for the subsystem resources
obtained from the Space Platform. Figure 2.1-6 illustrates the initial
listing of major accommodations vrequired by the payloads defined for and
basic operation of the MSP, Note the extensive requirements for exterior

15
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MANNED PLATFORM Vo358
ACTIVITIESIACCORMMODATION
ACCOMMODATION REQUIREMENTS
INTY EXT EXT
INTERIOR| PAL roRT/ | o8 | aux | TELE
© SOLAR-TERRESTRIAL SCIENCE LoNTROLS| MTG exiv | seam | Rus | oren
PERFORMANCE | o OCEANOGRAPHY i
oF © LIFE SCIENCE v v
MISSIONS o MANUFACTURING APPLICATIONS v
ONEITE ..{(PHARMACEUTICALS) - \
. ?;o‘ﬁ? c‘:gr:n:%L OPERATIONS J
. LANT STORAGE/
15?32:’:“ . ::me STRUCTURES HANOLING $ g §
* ENVIRONMENTAL CONTROLS
CAPABILITIES o SENSORS AND POINTING SYSTEMS v
® EVA TECHNIGUES AND ACCESSORIES v y
* RENDEZVOUS AND DOCKING v v v v
® PHARMACEUTICAL PILOT PLT, v V' v v v IV
: GEO MISSION STAGING
:g;ront o SUBSATELLITES AND TARGEYS Y $ §
® LARGE PAYLOAD SETUP v
REMOTE ® SPACECRAFY SERVICING
MISSIONS ®° PH, RMACEUTICAL PROD, PLT. v v v v v
o CONTROLS/INSTRUMENTATION/ v
OPERATION DATA HDLG
® CREW AND RELATED EQUIPMENT v v v
(IVAJEVA)
LoaisTics . iggwg :243 AP"A;ELOAD SUSTENANCE v v v v
“SEFARATE FREE FLYER

functions and thus major configuration drivers. Figure 2.1-7 gives specific
examples of equipment inherent in some representative payload and MSP opera-

tion functions.

2.2 PLATFORM REQUIREMENTS

In view of the high potential of a restricted budget funding for any new NASA
system of the 80s, a requirement for an evolutionary capability MSP was
assumed. That is, the system was to begin with an early elemental capability
and have an adaptability for modular growth to progressively greater capa-
bility. The basic steps in the evolution became clear as it was found that
the earliest payloads would most likely not be operationally challenging but
merely longer flight duration versions of the type flow in Spacelab sortie
flights on Shuttle (internal rack and exterior pallet payloads). Thus, the
early manned space platform would merely replace the Shuttle as a payload
carrier and provide a greater capability for (1) long-term crew residence,
(2) approximately one Spacelab load of internal payloads, (3) exterior berths

16
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Figure 2.1-7 VFBIIN

FUNCTION-DRIVEN REQUIREMENTS
[PLANKED FUNCTIONS) [Ex:AM’PL:E: PA:Y:L:OAD on:
SYSTER! REQUIREMENTS]

s Smeil i22mmal Holding
MANNED PLATFORM FUNCTIONS _—r -~ Feellity (1 Reck) (100 kg)
(REQUIREMENTS BASE)' - (500\) (1 Kanhour/Day)
[intertor Experimentation} .=~ .= Closad-Loop ECLS
Science (Life, Etc) =~ ~ ' - t Prot
:Appsm.muom‘ .(ua?malc Processing, Etc) ,_—-'—"’ fzq;m;'(zs? l(‘:)ym
@ Tochnology (Env Cont, Role of Lian, Etc) (£00\W) (1 Kenhour/Day)
[Extertor Experimentation] _ " Denloyebis Structuro
® Lavge Space System Developmont Y 2 Rigidizetion/Alignment
. I:chnﬁogy ‘(rsmmune, ::'chs:nlmn.emm Etcy~ Experiment (15 m°) (360 kg)
L} ppon W
werttionsl Techniques (3 tlanhours/Day)
« Spacecraft Corvicing
» L0 System Steiing Support (Every 5th Day)
= Subsstellite Operations (“’i’f_“’,: :ro_so:al:g_t_ﬂ_l_ Acc Pty 3 . — —a Telcoporator-Based
P/, El) e e e = Free-Flying Telaccope
(18 m?) (3000 kg) (Acsy/C-O
8 Subsystem/itesourco/\Work Support ProvisionS e e o Pozition) (Remote Conirol)
- gg.’“’m.“‘?‘?'m““""w”“”“‘ - === —n Logistics Rack (3¢ m°)
o Shuttte Interaction Se~a {6000 kg) (Dock'ny Port)
® Opsrations Cantrol e D - {Resmote Control)
' T ~~a EVA Suit Stornga
(12 m*) (50 kq) (Drysr)

for two to three palletized payloads for vicwing/sensing or materials proces-
sing, {4) periodic logistics and (5) Orbiter interfaces. This capability
would probably be adequate for the first or even second year of operation.

Since more ambitious objectives are envisioned for the MSP in the mid-to-late
1990s (such as large structure assembly, orbital transfer vehicle basing and
spacecraft servicing), the next step in the MSP evolution would be a capa-
bility to support the development of equipment and techniques to perform these
eventual major operations. This capability would need to be available in-.
probably the third to fifth years of the MSP operations. Finally, the ulti-
mate phase would be the extensive capability required to perform (rather than
prepare for) the major operations previously mentioned, namely, large
structure assembly, orbital transfer vehicle basing and spacecraft servicing.
This latter, ultimate capability would probably be made available in the sixth
year of the MSP operation.

17
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These top-level views of the type of evolutionary services planned for the MSP
constitute the system philosophy for the basic modularization of the vehicle.

2.3 CREW REQUIREMENTS

The MSP must of course accommodate the various needs of crew access to the
inside of pressurized MSP modules from the ascent vehicle (the Shuttle),
controls for operational management of the platform, provisions for breathing,
eating, sleeping, hygiene support, protection from natural environment, IVA
and EVA access within and around the vehicle and, most importantly, emergency
protection in one isolated section of the pressurized volumes. Many of these
functions call conceptually for some sort of basic central module, sort of a
mini-station to start with, build upon and to retreat into if necessary. Such
a basic module mini-space station in efféct, would most probably be the first
unit attached to the Space Platform delivered by, and mostly filling 2 prior
Shuttle flight. With growth in mind, such a unit should also have nuaerous
ports for access to pressurized modules which are added later.

2.4 INTERFACES WITH RELATED SYSTEMS

Cprtain requirements are imposed (on the concept developed for tnz manned
blatform) by the systems with which it will operationally interface. In this
case, the Space Platform is specified as the subsystem resource and or course,
the Shuttle is to provide initial delivery and subsequent periodic logistics
revisits.

The design of the Space Platform used in the study is that defined in the NASA/
MSFC Reference Concept documented in their PM-001, dated September 1979 (see
Figure 2.4-1). This data was supplemented by a memo from the Space Platform
Project Office at MSFC specifying 12.5 and 25 kW power levels, added 120 VDC
provisions, 300 Mbps KSA link return, better pointing available on the 12.5 kW
version plus updated weights and lengths. Throughout the development of the
concept details of Space Platform physical and organic interfaces will be

shown to influence the design of the attached manned platform.

In Tike manner the size and shape of the Shuttle cargo bay, the reach capa-
bility of the remote manipulator system, crew access to docked vehicles, etc.,

will be seen to impact the concept developed for the manned platform.

18
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REFERENCE SPACE PLATFORM (MSFC 1979)

PAYLO AD RERTHING/VIEWING

CAPABILITY

¢ 4 BERTHING PORTS {1 PARK)

@ SELECTASE 4 DIRECTION
VIEWING PER FORT

©3PAYLOAD ELEMENTS CAN
VIEW SAME OIRECTION
{DEDICATED PLATFORM)

®NO VIEW OBSCURATION IN
AT LEAST ONE DIRELCTION

WEIGHT = APPROX 33,000 L8
POWER

25 Kw

® 120 VOC AND 30 VDC

THERMAL CONTROL
©25 KW HEAT HEJECTION

STABILITY AND CONTROL ((320S)

s WITHOUT POINTING SYSTEM
~ ACCURACY = 039 - 2°
~ STABILITY 11 ARCMIN

© CROSS POINTING VIA
PLATFORM ORIENTATION

¢ ENVIRONMLNTS « 10-%Gs

PROPULSION

elsp= 230SEC

© 200048 MONOPROPEL LANT
& J0OAY REDBOOST

/ AADIATOR

COMMUNICATIONS AND DATA HANDLING
& TORSS CAPABILITIES (3 CO1482S)
@ DATA STORAGE: 32 M2PS RATE
1362 100 ITS TOTAL)
© COMPUTERS PROVIDE EXECUTIVE
CONTROL (£00 KOP5)

$I1T.SXW VERSION ALSO CONSIDERED ¢

guide in this area.

manned platform.

2.5 ORBITAL OPERATIONS AND ENVIRONMENT
The physical and operational characteristics of the payloads, all of the
vehicles which end up in various assemblage in orbit at different times, as
well as the natural and induced environments attendant to such operations in
low earth orbit, all will be shown to constitute requirements for overall
shaping, modular distribution/congregation or directionality of buildup of the

19

Volume Y1V of the Shuttle Systems Documentation series is used as a basic

2.6 POTENTIAL SOURCES FOR APPLICABLE HARDMARE

In keeping with the early activation and low-cost objectives of the study, the
use of hardware elements from existing manned systems was to be evaluated.

The systems primarily considered were Shuttie/Orbiter, Spacelab and Skylab.
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2.7 DETAILS OF CANDIDATE PAYLOADS

As mentioned earlier (in 2.1, Payload Requirements/General) the payloads which
are considered as candidates for the MSP constitute a unique mix which varies
in content through the years of platform 1ife, roughly as follows:
Early Years (1989-95)
e Science and Applications Payloads
0. Technology Demonstration Payloads for Advanced Missions
Later Years (1995-7)
@ Advanced versions of above payloads, plus,
o Advanced missions such as buildup of large structure payloads,
basing of orbital transfer vehicles and spacecraft servicing

In the remainder of this subseciton, details of various candidate payloads are
presented as used in the study for developing manned platform concepts in
later tasks. The payload candidates included are presented in a time-related
order, as follows:
Early Years
Solar-terrestrial (Paragraph 2.7.1)
Oceanography (Paragraph 2.7.2)
Electrophoresis Drug Production (Paragraph 2.7.3)
Life Sciences (Paragraph 2.7.4)
- Biomedical
- Biology
Mid-years (more of the above plus the following)
e Rendezvous Sensor and Control Development Tests (Paragraph 2.7.5)
o Environmental Control and Life Support Developwment Tests
(Paragraph 2.7.6)
e Deployable Structure Technology (Paragraph 2.7.7)
Propellant Handling Technology (Paragraph 2.7.8)
e EVA and Remotely Controlled Servicing Tecknology (Paragraph 2.7.9)
Later Years
e Large Multi-mirror Reflector Assembly Alignment (Paragraph 2.7.10)
e Orbital Transfer Vehicle Basing (Paragraph 2.7.11)
e Servicing Retrievable Spacecraft (Paragraph 2.7.12)

20
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Detailed information on the above listed payloads has been gathered from a
multiplicity of sponsoring organizations in NASA and scientific groups. Each
has specific interest in the prospect of flight of their payload of interest
on the MSP, or buildup, OTV support or servicing on the same platform.

Although all of the candidate payloads are of equal interest and importance,
more detailed treatment has been given in this study to Life Science, Larage
Structures and TV Basing by capitalizing on particular experience and related
effort at MDAC. Gbviously much more treatment of each payload candidate is
required, however, study funds were not available for such broader depth of
treatment.

It is NASA/MSFC's plan to fund selected efforts in 1982 on payload and mission
prospects for the manned platform.

2.7.1 Solar-terrestrial Research

A number of experiments in the area of solar-terrestrial research are currently
planned for conduct onboard Spacelab missions. Althougn involved scientists
are excited about the prc.pects of such experiments and eagerly anticipate the
results, they readily admit that the use of the Spacelab as a solar-terrestrial
research facility has certain deficiencies that could be remedied by the use of

a manned space platform.

Figure 2.7.1-1 illustrates some of the capability differences between Spacelab
and a manned platform. The first row addresses differences in mission dura-
tion (seven days vs 90 days); the second row addresses payload capacity; the
third, the number and direction of onboard sensors; the fourth, the usa of
free-flyers; the fifth, the number and training of onboard scientists and ‘the
last, direct access to and interaction with onboard data and control functions.
Each of these capability differences has an important influence on the
compexity and refinement of the potential experiments.

The use of a manned space platform has been stressed as opposed to an unmanned
SASP. Scientists working in solar-terrestrial research are in general agree-
ment regarding the value of a trained onboard observer. Figqure 2.7.1-2
illustrates some of the advantages that man can provide. It has already been

21
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CONMPARISCN OF SPACELAB AND RSP
CAPABILITIES IN SCLAR-TERRESTRIAL ™

STUDIES

SOLAR.TERRESTRIAL SPACELAD RISSION ner
EXPERBRINT REQUIREMENTS LIRITATIONS CAPABILITIES
MONITOR SOLAR FLUX OVER . {GRISSION LIMITED TO A RAXERUM SAMS? RUSSION DURATION
SEVERAL SOLAR CYCLES OF 7 DAYS PROLONGED WITH CO-DAY
(27-DAY ROTATIONS) CREW ROTATION
ACCO2SMODATE SUFFICIENT PAYLOAD CAPACITY LIRITED PAYLOAD CAPACITY CESENTIALLY
INSTRUMENTATION TO IRAKE TO LAURCH WEIGHTS OF UNRESTRICTED - ADDITIONAL

SIMULTANEOUS OBSERVATIONS
OF SELECTED SOLAR FEATURES,
ATMOSPMERIC OYNARMICS, AND
MAGNETOSPHERIC VARIATIONS

€5,000 L8 (MAX)

COMPONENTS INCORPORATED
WITH SUBSEQUENT LAUNCHKES

MONITOR CHANGES (N ATIACIPHERE
CHARACTERISTICS SIMULTARECUS

WITH SOLAR FLARES AND SUSSTORMS

SENSOR POINTING RELATIVELY
FIXED AND UNIDIRECTIONAL

MULTIPLE SENSORS WITH CAPABILITY
OF ONITORING TARGETS-CF-OPPOR-
TUNITY SINULTANEOUSLY (N SOLAR
DISC, ATROSPHERE AND MAGNETO-
CPHERE

REONITOR MAGNETOSPHERIC EVENTS
WITROUT ELECTROMAGNETIC N
CONTASAINATION FORM EPACECRAFT

CANNOT ACCOMMODATE RUMERCUS
RTESOTE SENSORS COMNECTED YO,
CR FLYING NEAR, SPACELAD

PERMITS USE OF NUMEROUS
TETHERED SENSCORS AND
ASSOCIATED FREE FLYERS

COMPARE RZAL-TINME DATA FROM
SOLAR, ATIAOSPKERIC, AND
MAGHEYOSMHERIC SENSORS AND
DECIDE ON AFRPROPRIATE TARGETS
AND OBRSERVATION MODES

MAX UM OF SINGLE SCIENTISY
IN SMALL SPACELAB, CREW-LIMITED
INTERDISCIPLINARY KNOWLEDGE

LARGER NUMBER OF GH3DARD
SCIENTISTS EMHANCES VALIDITY OF
INTERDISCIMINARY DECISIONS

PROVIDE INSTRUMENTS TO PERFORM
ENVIRONMENTAL PERTURBATIONS
YO INVESTIGATE ENERGY COUPLING
MECHANISMS

ALTHOUGH SHUTTLE/SPACELAB CAN
CARRY AND SUPPORY THE LARGE
RESOURCE AND SUPFORT REQUMRE-
PIENTS THE ARILITY TO PERFORM
THESE CONTROLLED ACTIVE
EXPERIMENTS UNDER VARYING
ENVIRONMENTAL CONDITIONS IS
ESSENTIAL

WITH BULTIPLE CREW ROTATIONS
INVESTIGATIONS CAN BE EXZARDED
TO SOLAR CYCLE DURATIONRS AND
GREATER
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Figure 2.7.1-2

ROLE OF i
PAN WITH ORBITAL SENSORS

3
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Pericrmance integrity end pessewsm—mme /. N
Valicity of Resuits

Capasbliity to
Conduct Intsiligont
Search for Transiont
Targots

Roal-Time Doclsion-Making iierdiecpinary Copabiity
Based on Multipls Inputs Succees of astsilon
and Prior Experience

pointed out on the previous chart that not only is a trained observer an
advantage, but one or more trained scientists that may be available on later

space platforms would greatly enhance both the flexibility of the experiment
and the validity of the results.

The vital role of man with sensors in orbit was highlighted in the "NASA
Workshop on Solar-terrestrial Studies from a Manned Space Station" (February

1977, Utah State University). Excerpts from the conference paper are
presented here.

"Beginning with Skylab, scientists were able to carry out coordinated
multi-instrument observations of the sun, with the onboard scientist-
astronaut able to key the observations to transient solar events.

“(On the manned platform) correlation monitors will provide onboard
scientists with full-disk, modest spatial resolution information for the
purposes of interplanetary and terrestrial correlations.

23

L]



raah

B xR

ORIGINAL PACE IS
OF POGR QUALITY

"The high-instrument accuracies will require continued calibration which

can be carried out by the onboard science staff.

"We foresee that some of the monitor-type experiments and, to an even
larger degree, most of the research-type experiments will not be
executed with the required performance to solve the problem in question
without the intervention of a trained observer in the space station.

The painstaking calibration and measurement accuracy needed for the
solar-irradiance determination and the high pointing accuracy required
for the small-scale magnetic field observations are but two examples that
indicate the necessity for manned intervention in well-planned observing
sequences. With the sophisticated instrumentation we have proposed,
other needs are highly likely to occur. These needs may include repair
activities or the flexibility for observing complex phenomena--examples
in which the Skylab experience demonstrated the desirability of man's
presence.

"The major limitation of Spacelab-based observations appears to be
related to the limited flight duration.

“Further, it seems likely that a highly trained specialist would, in the
course of a three-month mission, gain competence and scientific insight
through continued handling of new scientific data even more than a
specialist located on the ground.

"An important aspect of a manned involvement is maintaining the

integrity of instrument performance and absolute calibration necessary to
detect secular trends in the composition of the atmosphere due to
pollutants.

"0f all the aspects of an STO, the solar-weather objectives are most
interdisciplinary and demand the greatest real-time, innovative reaction

by the staff of the Observatory. The very nature of these objectives

asks for recognition of relationships between members of a complex sequence
of events stretching from the sun to the surface of the earth. The
ensemble of instruments and data displays on the STO will allow the

24
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Observatory scientists to focus on specific relationships and to follow
them as they unfold and evolve. Complete automation to follow these
varied relationships scems virtually impossible. Further, the real-time
pattern recognition and correlative capabilities of the human mind may
catch significant relations that could easily elude notice during subse-
quent processing of recorded data at a ground site,

“Through the use of these solar situation monitors, the onboard science
staft will be able to maximize the scientific return by selecting and
pointing specific instruments in the solar cluster for tailored observa-
tion of the particular phenomenon taking place.

"A main theme through the whale discussion was the man-in-the-1vop notion,
strongly endorsed by all four subgroups. 1t was arqued that the

inclusion of man in situ often may be of decisive importance, as in a
coronal transient phenomenon or the sudden development of a tropical

hureicane.

2.7.1.1 Candidate Activities on an Larly Manned Space Platform

Mentioned in the previous section was the fact that a number of solar-
terrestrial experiments are planned and are currently being developed for
conduct on Spacelab. It is anticipated that these same experiments will be
repeated the early manned plattform. The equipment items used on Spacelab
flights will be installed on the platform supplemented with a few additional
itoms that will allow the greater payload capavity and research flexibility of
the plattorm to cnhance the evperimental procedures and increase the value of

their results.

In this case, specialists at NASA/MSFC defined for this study the experiments
and related equipmient that will be considered for the early manned plattform.
These were:  active cavity radiometer (ACR), solar ultrviolet spectral
irvadiance monitor (SUSIM), soft a-ray telescope. space experiments with
particle acceleration (SIPACY. recoverable plasma diagnostic package (RPDP),
atmospheric emission photometric imaging (ALPIY. waves in space plasma (WISP),
Inaging Spectrometric Qbservatory (150), maanctospheric multiprobes (MMP) and
high resolution doppler imager (HRD1Y.  The recommended location of these

"
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experiments on the manned platform is shown in Figure 2.7.1.1-1, a conceptual
drawing of the platform.

Not all of the defined experiments will require the detailed involvement of man
in their operation. Note in Figure 2.7.1.1-2 that the ARC, SUSIM and RPDP
(Yocated on the pallet) are fully automatic and have no controls within the
manned module. Other experiments, such as the soft x-ray telescope, AEPI and
WISP involve man primarily in target selection and pointing control with some
role, also, in data monitoring. Still others, such as SEPAC, are heavily
dependent on man's involvenment.

It should be noted that even though an experiment, designed for location on the
Spacelab pallet, requires little or no crew involvement, it does not mean that
the experiment coulnd't be redesigned to utilize man's unique capabilities,
thus enhancing the experiment. Figure 2.7.1.1-3, derived from Skylab
experience, clearly demonstrates the vital roles that crew activities played

in a solar experiment. This experiment, designed for crew involvement, would
necessarily have been less successful if designed solely for automatic opera-
tion. '

Figure 2.7.1.1-1
MANNED PLATFORM — SOLAR/
TERRESTRIAL PAYLOAD CANDIDATE
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Figure 2.7.1.1-2
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Figure 2.7.1.1-3
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Figures 2.7.1.1-4 and -5 present timelines for an early manned platform where
on and in solar terrestrial and life science payloads are accommodated.

2.7.2 Qceanography
As one of the more recently. emphasized discipliines of space science and

épplications, the program for orbital observation in oceanography is in an

‘emerging state of objective formulation and data acquisition. NASA/JPL,

Scripps Institute of Oceanography and the Office of Naval Research are actively
ungaged in related planning. The Navy project NEREVS plan is discussed later
in this section as an example of the opportunities foreseen in this important
new space discipline. The broad interests of oceanography, the significant
potential role of man and past experiences on Skylab and Columbia are shown in
Figure 2.7.2-1.

The one-time Seasat provided some outstanding data, but, due to its premature
demise much was left unachieved. The recent flight of a Synthetic Aperture
Radar (SAR) on the second flight of Columbia in the OSTA 1 payload package

. Figure 2.7.1.1-4 VFOT61
EXPERIMENT ACTIVITY TIMELINES
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|LIFE SCIENCES EXPERIMENTS (PAYLOAD CREWMAN 2)}

Exporment = &1 [Cr ] [
F — Frog Egg Experiment Data Collection
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— Drosophiia Experiment Activities
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Figure 2.7.1.1-5
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Figure 2.7.2-1

ROLE OF MAN IN OCEANOGRAPHIC
SCIENCE/APPLICATIONS FROM SPACE

vFQ3bS>

P\rnu of Interost ]
@ Rosources (Fish, Blota, Mincralz) w8 Fluctuation of States

m Lecation of Phenomena a Tracking and Prediction
[ Capebilities Requlreg_] '

o Tralnod Observers = Truth Site Coordination

@ Synthetic Aparture Redar a8 Computer/Grephics

and Hassolbiad Camera
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a Crew Observations and Photos Contributed to New Awarensss of
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a Crow Obsarvations, Synthetic Aperture Radar and Heeselblad Photos
Provide Spectacular New Findings on Surface ard Subsurface
Phsnomena
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“obtained interesting sea state data caused by wind or currents.” In addition,

much land coverage. Oceanographic principal investigators specifically
1ook forward to the use of man for extended periods with orbiting sensors for
a number of reasons, namely:

® Since detailed oceanographic viewing from orbit for science and
applications is in an infant state, there are often surprises in the
data. Often such situations point out the need for capabilities or
flexibilities that whre not designed into the instrument package
because of a lack of knowledge of what "might be seen" from orbit.
Designing broad ‘capabilities into an instrument, including modular
modifications on orbit with manned involvement would provide a very
valuable resource, not to mention contingency repairs which could have
possibly saved the early failure of the Seasat mission.

¢ The routine periodic access to space offered by the Manned Space Plat-
form increases the prospects of sequential investigations consistent
with a reasonable "career time scale."

o The Manned Space Platform would provide a valuable test facility for
the development test and refinement of sensors to be later used in an
unmanned mode when the phenomenology of oceanographics is better
understood. ’

e Science progress will be greater per unit of time with man-in-the-loop
in orbit because of the ability to reach in real-time in response to
numberous inputs (including visual sighting) to quickly repeat or
modify the experimental activity.

The SAR flown recently on Columbia II is of particular interest to the
oceanographic community (see Figure 2.7.2-2 for information on capabilities and
role of man). For example, SAR data registered surface effects of sea mounts
and objects well below 100 to 1000 feet below the surface. There is still
conjecture as to what the surface effects really are and how they relate to
whatever underwater stimulus, thus c¢reating an intense new area for research.
The broad field of eddy currents, their nature, their persistence, their scope

30
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Figure 2.7.2-2 _
EARTH-ORIENTED SYNTHETIC VFa%9
APERTURE RADAR ON BMANNED PLATFORM
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Cabemionc 16010 % o Truth Site Coordlnation

Amplitude: 2 dB Accuracy, 1 ¢B Preclsion (1o Veriation)

%)
Spatial: 10m to 309m Accuracy (1o Vartatlon) * Huitkinput Correlation

and influence on internal or surrounding ocean struciures can be aided signifi-
cantly by the SAR.

Even more intriguing is the importance attached by oceanographers to the
visual and hand-held photographic coverage available when men are in orbit to
cover the significant number of variations anticipated in ocean viewing and to
supplement and calibrate automated sensor coverage.

In his project NEREUS Plan (see references), Dr. Robert Stevenson of the Office
of Naval Research/Scripps Institute of Oceanography indicates that:

"A revolution took place in physical oceanography in the mid-1970s.
Whereas for nearly 100 years oceanographers had looked at the oceans as
large, mildly turbulent bodies of water bounded by huge, majestically
flowing current systems, improved means of measuring showed the ocean to
be turbulent at all scales and at all frequencies. Furthermore, and most
important, it became clear in the mid-1970s that the major portion of the
ocean’s kinetic energy {as much as 99%, in one estimate) is confined to
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mesoscale eddies with diameters on the order of 100-300 km and
frequencies from days to a few tens of days! Although there are certain
ocean areas where eddies are more concentrated than others, there are no
parts of the ocean without some mesoscale turbulent features.

“Because of the size, frequency and worldwide distribution of the eddies,
there is no possibility of studying the dynamics of these systems by
conventional, seagoing techniques. The only reasonable method is by
remote sensing from space.

“"The recognitian of eddies from space came at about the same time as the
oceanographers’' revelation of mesoscale ocean dynamics. The work during
Skylab was most significant in this regard. Cold-core eddies in the
northwest Caribbean Sea were photographed from Skylab 2, July 1973. In
January 1974, while Skylab was still in orbit, a P-3 Navy patrol plane
from Weather Reconnaissance Squadron Four, based at Naval Air Station,
Jacksonville, Florida, dropped air-expendable batnythermographs along the
spacecraft's track in the Caribbean. Cold cores of water extended up to
the sea surface in a distribution similar to that in the space photographs.

"The existence of what then seemed to be regularly organized eddies along
a current boundary, and which followed well the laboratory findings of
Roshko stimulated the thoughts of their influence on acoustics in the
upper ocean.

"Oceanographic and acoustic studies in the ANZUS EDDY Project in the

Tasman Sea off Australia were sufficient to verify that such eddies do have
a significant effect on underwater acoustic propagation. Direct arrival
propagation loss measurements in the eddy duct clearly showed the effect of
eddy structure on received energy levels. This duct, solely a result of
the eddy, responded as an acoustic waveguide with optimum propagation at
100 Hz.

"If eddies were restricted to coastal waters, the tactical situation
would be less difficult than it is. Eddies exist throughout the world's
oceans, however. If the eddies were static features, from season to

32
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season and year to year, the effects on acoustics could be predicted and
tactics planned accordingly. Research by ONR investigators in the Pacific
Ocean has shown us, however, that not only do the eddy streams vary, they
may even disappear, unpredictable.

"It is clear that our understanding of the physical details of upper
ocean eddies is as unknown as their life histories. Concentric rings,
internal waves normal to and parallel with their boundaries, and shear
zones have all been observed in the synthetic aperture radar imagery from
Seasat.

"Truly useful data have been obtained from satellites. Real advances in
our understnading of the ocean have been made. There is much remaining
to be learned, however, and the "learning curve" will be very shallow
without the definitive experimental capability Shuttle provides. It
simply means that scientists, whether 20 ro 70 years old, can carry
aboard a variety of "breadboard" sensors that need not be space hardened.
The mix of frequencies, look angles, data rates, and sensor sequences can
be so arranged to meet the situation at hand, in the same way that

experiments are conducted in a laboratory on earth. We can conduct, in a
word, research.

"In early December 1968, the Science and Technology Advisory Committee to
the National Aeronautics and Space Administration met in La Jolla,
California, to consider the application of manned spaceflight to
scientific and technology objectives in the 1975-1985 decade. The

results of the committee's discussions were published in two volumes in
1969 and noted, as a basic theme, that the benefits to the nation

dictated that the United States remain in the forefront of all major
categories of space activity, in particular, manned spaceflight capability.

"In their recommendations, they noted that high priority should be given
to (1) the extension of long-duration manned spaceflight capability in
earth orbit, (2) achievement of low-cost, manned, space transportation
systems such as Space Shuttle, (3) a long-duration, manned space station
as the logical step toward (4) placing manned observatories in earth orbit
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in which all scientific and technological practices would benefit by the

. attendance of specialists. {
3 S . L ¥
:: “The entire report and the recommendations by the Advisory Committee were

visionary, but well within state of the art and funding capabilities of
NASA and the other United States agencies who would, by interest and
mission, benefit from an earth-orbiting complex of observatories.
Agéncies such as the Department of Defense, National Oceanic and
Atmospheric Agency and the Department of Interior readily come to mind.
But, a multitude of local governmental groups and private industries can
be quickly identified as well."

Figure 2.7.2-3 lists the basic oceanic variables and phenomena of interest to
investigators and highlights the broad ocean current and detailed eddy current
interests of currently great interest. Note the areas of contribution from
Skylab and Columbia flights.

T : Figure 2.7.2-3
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More specifically, Figure 2.7.2-4 defines the observables, sensory modes and
sensor characteristics associated with eddy currents in particular and
Figure 2.7.2-5 indicates those instruments which would be useful in the
sensing of such eddy current phenomena.

2.7.3 Biological Processing (Electrophoresis Drug Production)

The term biological, or pharmaceutical, applies to a large number of substances
used in medicine which include antibiotics, vaccines, enzymes and hormones--
all produced by activities of 1iving cells. These cells may vary from single-
cell organisms such as bacteria or fungi to specialized cells from complex
organisms inciuding humans and other mammals. For the purposes of this
discussion, however, products will be limited to those produced by mammalian
cells.

In the process of manufacturing a biological, pertinent cell types are first
isolated from other types residing in the same tissue or organ. Separation fis
normally accomplished by electrophoresis. The cells are then concentrated and
cultured in a growth medium to increase their number. At some predetermined

Figure 2.7.2-4
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Figure 2.7.2-5
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time, the cells are transferred to a production medium which enhances the !
production of the biological. Cells are removed and the biological, invariably

protein in nature, is then separated from the medium and from other byproducts

of cell metabolism. The biological is, finally, further purified and

preserved.

It has been hypothesized that the weightlessness of spaceflight will
considerably enhance the manufacturing process, increasing both the purity and
yield of the biological. The process of electrophoresis, which will be used
both in the initial cell isolation and in the separation of the biological
from the production mediums, is adversely afffected by convection currents
produced by thermal gradients in the fluids and by separation of the sample
from the carrier fluid because of density differences, when the process is
conducted in terrestrial laboratories. Since both adverse effects are gravity
dependent, the separation is expected to be more complete and the throughput
significantly increased when the process is conducted in space. In addition,
techniques are available for cell culture which take advantage of the
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continuous suspension of the elements, significantly increasing the rate of
cell production.

Despite the advantages offered by space, establishing a production plant on a
space vehicle is an expensive and difficult undertaking. The resulting
product, therefore, must be carefully selected to warrant the output of money
and effort. Figure 2.7.3-1 identifies some of the products that are current
candidates for production in space. All are medically valuable; all are
produced onl} in small, expensive quantities in terrestrial laboratories; and
the production process of each should benefit from weightlessness.

2.7.3.1 The Role of Man in Biological Processing

It was earlier stated that the production process of a biological in space
involves a number of subprocesses, each an important contributor to the final
product.. In the development of a space production facility, it is expected
that each subprocess (e.g., electrophoretic separation, cell culture,
biological production, biological separation) is expected to be the subject of

Figure 2.7.3-1

PRCDUCTS BEING INVESTIGATED FOR vers
BICLOGICAL PROCESSSING IN SPACE

tDAC
. _ ELECTROPHORES!S
| Proteins and Polypeptides| UNIT FOR
£ SPACE PLATFORM
e Enzymes
MODLE pryesed

Urckinase (Dissolves Blood Clots)

Antihemophilic Factor Vill (Controls Bleeding)

Alpha -1- Antitrypsin (Treatment of Emphysema)
o Hormones

Erythropoietin (Stimulates Production of Red

Blood Ceils)

Insulin (Treatment of Diabetes)

Growth Hormone (Treatment of Dwarfism)

© Other Medically Significant Molecules

Interferen (Treatment of Viral Infections — Some RIS T VerAGE
Forms of Cancer)

Globulins (Treatment of Wide Range of Discases |{ooralt Kres om0
le. Gamma Globulins — Measles) , ¢ 7w A
ToeE (4R

[ Cells — Living Organisms |
o Beta Cells (May be Cure for Diabetes)
e Lymphocytes (Class) — (Attacks Foreign Cells)
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;A individual Spacelab experiments in the early 1980s. The subprocesses are,

i next, expected to be combined into a pilot production plant and tested on L=
: vehicles available in the mid-1980s. Finally, it is hoped that actual produc- {\
tion plants will fly onboard a space platform in the late 1980s. The involve-

ment of man will be essential for conduct of the early experiments and for

tending the pilot plants. The various techniques will not yet be established

‘g;,;-&v"-_ ST
£ £

L

é sufficiently to warrant their automation and man will be needed for adjust-

% ments, corrections, sample acquisition, fluid transfers and other operations.
ET When the production plant is established and automated, man will probably be

% required only for loading and unloading of materials, maintenance and quality
% testing. Figure 2.7.3.1-1 illustrates, in a matrix form, the role of man in

g various aspects of orbital biological processing. Figure 2.7.3.1-2 shows the

potential mother-ship role of the manned platform for an eventual free-flyer
pilot plant.

A The pilot plant phase is considered to be still experimental with mén
intimately involved in most of the included processes. The following two

4 Figure 2.7.3.1-1
ROLE OF MAN IN A veeea:
; ORBITAL BIOLOGICAL PROCESSING

/
S e 2

H Sustained,
L Process Quality-

Research Development | Controlled

Experiments Testing Production

(Early 1930's) | (Mid-1980's) | (Late 1680’s)

Dl (O ot e Sk

Fully
Protein Manned Semi- Automated
3 Purification Automated |(Man-Loading,
(Man-Tended) |Unloading and
& Maintenance)
?’ Semi- Same
¥ Cell Purification Manned Automated or as
= Manned Above
Cell Incubation/
g’ Dissolution and Manned Manned Manned
Protein -
Production :
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Figure 2.7.3.1-2 VERIS?
PHARMACEUTICAL PRODUCTION

Freo-Flying
inl-Factory

a Unmannsd
= Low Gravity
8 Tended by

,’ Pariodic Docking

Electrophorosls TS 7 tor Product Batch
Facllity S ~eo--7 Exchangs snd
~ -~ < Serv 'clnﬂ
Tolacperator Pareliel RN ~
Mansuvering Fllght Paths

System

figures, 2.7.3.1-3 and -4, summarize the important steps in biological processing
and what man's involvewent is in each. The letters A through G on the first
chart (2.7.3-1-3) correspond to specific manned activities, identified on the
second chart (2.7.3.1-4) and indicate where in the process each will occur. On
the second chart an approximately timeline for two production cycles is also
shown. Not shown on the charts is the important role that man will play in
quality testing of the final product and in pyrolysis testing of the various
media during the process to prevent contamination.

2.7.3.2 Continuous Flow Electrophoresis in Space

Electrophoretic separation is not only the most important individual process in
the production of biologicals, it is also the process that is expected to most
benefit from weightlessness. The McDonnell Douglas Corporation in conjunction
with NASA has developed a continuous flow electrophoresis system (CFES) which
is scheduted for testing onboard Shuttle/Spacelab. Fiqure 2.7.3.2-1
illustrates a laboratory model cf the system and indicates the advantages
expected from the operation of such a system in space. The flight model of

the system is expected to be tested initially on early Shuttle flights prior to
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Figure 2.7.3.1-3
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Spacelab missions. On these early flights the CFES will be installed in the
Orbiter middeck in the location which is occupied by the galley on later
flights. Figure 2.7.3.2-2 illustrates this installation as well as the
location of CFES support equipment.

Following extensive tests of the CFES on the middeck, the system is expected to
be expanded and isntalled in three to four racks in the Spacelab module or
automated and operated out of the cargo bay. In either case, a sufficient
amount of the product is expected to be produced to allow subsequent testing
S and clinical trials. If the trials are successful, a commercial production

fE unit, consisting of 100 or more chambers, will be developed for use on a

;: manned space platform. Fiqure 2.7.3.2-3 identifes the steps in the develop-
# ment of a commercial electrophoresis production unit for space. Two potential
programs are shown, both commencing with middeck flights and continuing to

(5. operations on a manned space platform. A conceptual drawing of an electro-

: phoresis system on a manned space platform is illustrated in Figure 2.7.3.1-4.
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Figure 2.7.3.2-2
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Manned missions of the Space Platform are expected to involve crew sojourns of
up to 90 days and continuous manning of the platform for indefinitely extended
perfods. Such missions will be of significant benefit to life sciences research
because of (1) the capability to collect medical, physio]ogic§§ and psycho-
logical data on the crew for much longer periods than those possible on Spacelab
missions and (2) the ability to maintain biological sf&cimens in a weightless
environment for one or more life cycles or until the completion of slowly
developing phenomena.

Py _
Priorities in this scitnce, as defined by MSFC, are as follows: (1) man's
problems using man himself where feasible, (2) man's problems using non-human
models and (3) basic biological phenomena and principles using a wide range of
test species.

2.7.4.1 Biomedical Reserach
This important discipline will, at least during eariy missions, no doubt
involve studies that are associated with physiological changes either observed
or investigated onboard Skylab. Skylab research remains, everr considering the
very long-duration Russian missions, the most extensive and carefully performed
studies on man in space, and has bequeathed to us a rich legacy of questions to
be resolved and follow-on experiments to be performed. Table 2.7.4.1-1
illustrates the major physiological studies conducted on Skylab crewmen and
scme of the candidate future studies recommended by Skylab Pls and associated
scientists.

L]
Many of these recommended studies involve compensatory changes that occur early
in flight or involve test materials that would deteriorate by the mid- to later
stages of longer duration missions. Such investigations are most appropriate
for conduct on Spacelab missions. Many of these experiments are already
designed and scheduled for Spacelab flights. Even after the successful comple-
tion, however, of all biomedical research suitable for Spacelab conduct, there
will still remain unanswered questions regarding the mechanisms and character-
istics of slowly developing adaptations and regarding the complete time-course
of potentially debilitating changes. A manned platform will supply the ideal
facility for the research needed to answer these questions. Table 2.7.4.1-2
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Table 2.7.4.1-1
PHYSICLOGICAL CHANGES STUDIES IN

VFO42S

SKYLAB CREWMEN

SO0V SYSTEM OSSEAVED CHANGES CANDIDATE FUTURE STUDITS ON MAN
CARDIOVASCULAR o LOWER CODY KEGATIVE PRESSURE APOSES o PERICOIC ELECTRO- AND VECTORCARDIOGRANS
SYSTEM GREATER STRESS IN WEIOHTLESSHESS THAN TO RULE OUT RYOCARDIAL DAMAGE

N EARTHS GRAVITY o RON-INYALIVE CARDICYASCULAR DYHAMICS
o POST-FLIGHT ORTHOSTATIC INTOLERANCE STUOIES (8.0, CARDIAL CUTPUT, ECHOCARDIO-
o POST-FLIGHT DIMIKISHED EXERCISE CAPACITY CRAPHY, PLLTHYTMGGRAPHY, VENOUS COMPLI
@ RANE INSTANCES OF MLLD CARDIA ARARHYTHIMIAS ANCE} AS TECHYIQUES FOA ON BOARD MEASURE.
® DECREASED CARDIACOUTPUY POSTFLIGHT ~ BLENTS RECOtAS AVAILABLE
THOUGHT TO 8& DUE TO nEDUCED VENCOUS o TEITE OF INNOVATIVE EXERCISE PROCEDUNES OR
RETURM OTHER COUNTERMEASURES AS THEY ARE
OEVELOPED
MUSCULOSKELETAL o INCREASE IN URINARY CALCIUM o OKBOARD BONE DENSITOMETRY UrHIN TECH-
SYSTEM o INCREASE 1N URINARY NIiTROGEN AND RIOQUES FOR CHEOARD GREASUREMENTS
PHOLPHORUS BECOME AVAILABLE
@ DECREALE IN LEG MUSCLE $12€ ARD STRENGTH o COARELATIVE GLOTO ARD URINE STUDIES
o KMEASUREASLE MINIRAL LOSIES FRCM THE o TESTS OF (INROVATIVE EXERCISE PROCEDURES
Q% CALCIS (HEEL BORE) AS THEY ARE DEVELOPED
FLUID AND o DECREALE INPLASMA VOLUME o DEMONITRATE PRESENCE/ABSENCE OF GAUER
ELECTROLYTES, ® DECRIASE N TOTAL GO0Y WATER HEMRY REFLEX
SLOOD, AND THE ® DECREASE INRED 8L00D CELL MASS o IZOTOPE STUDIES OF BCOY FLUID COMPARTMENTS
IMRIUNE SYSTEM & WCREASE IN EXCRETION OF SODIURA AMND o INVESTIGATE MECHANIZM OF MARROW
POTASSIUM SUPPRESSION
@ NET LOSS OF BODY NA* (SOOIUM) AND o RENAL FUNCTION STUDIES
K¢ (POTASSIUM) o HORMOWE ASZAY STUDISS
o HEADWARD SHIFT OF BOOY FLUIDS @ WHOLE BOCY 1SQTOFE STUDIES FOR ELECTROLYTE
® ALTERATIONS 1M THE DISTRIBUTION OF CHARGES
RED CELL SKAPES o PED CELL SHAPE DISTRIDUTION STUD!ES
REUROPHYSIOLOGY, o MOTION SICKNESS @ PAOTIOH LICKKELS COUMTERMEASURSS
VESTIBULAR SYSTEM o CHANGESIN REFLEX ACTIVITY o MEURDLOGICAL TEETS AMD MEASURTNENTS

, Table 2.7.4.1-2

RECOMMENDED STUDIES USING MAN
ON FUTURE FLIGHTS

VFOAM

TYPICAL KEASUREMENTS AND FROCEDURES
ASSCCIATED WITH LONGER DURATION
STUDIES

SYUDIES APPRCPRIATE FOR CONDUCT
ON SPACELAB FLIGHTS OF SHORTLR
DURATION (7 - DAYS)
CARDIOVASCULAR STUDIES

o VECTORCARDIOGRAPHIC MONITORING

STUDIES MOARE APPROPRIATE FOR LONCEN
DURATION{ ©0 DAYS) FLIGHTS ON
AMAKRNED PLATFORM

@ MEASURE HEARTS ELECTRICAL
VECTORS FOR EACH CREWRAN AT
WEEKLY INTEAVALS

@ VECTORCARDIOGRAPHIC MONITORING
OVER FULL 50 DAYS OF MISSION,

1 @ CARDIOVASCULAR DYNAMIC STUTHES:
3 HEART $I12E AND OUTPFUY @ PERFORIA CARDIOVASCULAR STUDIES ONLY - POSSIBLE MEASUREMENTS OF CARDIAC
9 1F CHANGES HAVE CONTINUED FOR THE OUTPUT,  ECHOCARDIOGRAPH, VENCUS
ps ENTIRE DURATION OF SPACELAB MISSION COMPLIANCE, ETC., ONCE PER WEEXK

FOR 13T J0DAYS, ONCE PER TWO

WEEKE FOR PELIAINDER OF MISSION =

FOR EACH CRIWMAN (NOTE - TECH-

NIOUES NOT CURRENTLY AVAILABLE

- FOR ONBOARD ULE)

@ AILY EXERCISE OR USE OF OTHER
COUNTERMEASURE .

@ TESTS OF EXERCISE REGIMENS AND ® CONTINUED TESTS OF VALUE OF

1 OTHER COUNTERMEASURES COUNTEAMEASURES OVER LONGER
A DURATION MISSION
MUSCULOSKELETAL STUDIES:

® CORAELATIVE BLOOD AND URINE
MEASUREMENTS.

© RADIOGRAPHIC SCANNING OR OTHER
TECHNIQUE IF DEVELOPED FOR ONBOARD
USE AT 1430 DAY INTEAVALS OVER
MISSION DURATION

©® ONBOARD BONE DENSITOMETRY IF
TECHNIQUE PERFECTED

® CORRELATIVE BLOOD AND URINE
STUDLES

® DAILY URINE SAMPLES AND WEEKLY
BLOOD SAMPLES PER CREWMAN

& EXERCISE/COUNTERMEASURE REGIMEN
COMDINED WITH CARDIOVASCULAR
PROCEDURES

@ OEVELOPMENT TESTS OF BONE

’ DENSITOMETRY TECHNIDUES

@ 1SOTOPIC STUDIES OF NITROGEN
AND PHOSPHORUS EXCHANGE

@ INOVATIVE COUNTERMEASURES

® EXERCISE OR OTHER COUNTER.
MEASURES
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Table 2.7.4.1-2 (continued)

RECOMMENDED STUDIES USING MAN

VFO4XY

ON FUTURE FLIGHTS

STUDIES APPROPRIATE FOR CONOLCT
ON SPACELAD FLIGHTS OF SHORTER
DURATION (7 DAYS)

STUDSES MORE APPROPRIATE FOR LONGER
ODURATION | 90 DAYS) FLIGHTS OM
A MANNED PLATFORM

TYPICAL MEASUREMENTS AND PROCEDURES
ASSOCIATED WITH LONGER DURATION
STUDIES

FLUIDS ELECTROLVTES AND BLL O

STUDIES

© DEMONSTRATE GAUER HENRY REFLEX
{MUST BE DONE EARLY IN FLIGHT)

o ISOYOPE STUDIES OF 000‘3 FLUID

© INVESTIGATE MECKANISMS OF MARROW
SUPPAESSION Py
o RENAL FUNCTION STUDIES

o HORMONE ASSAY STUDIES

o WHOLE 20DY ISOTOPE STUDIES FOR
ELECTAOLYTE CHANSES

o PLASMA VOLUME AND RBC MASS

o RED BLOOD CELL SHAPE DISTAIBU-
TION

o TOTAL BODY WATER, PLASMA, VOLUME
RED ELOOD CELL MASS, NDA EXTRA-
CELLULAR FLUID VOLUME

‘® MARROW SUPPRESSION STUDIES
o RENAL FUNCTION STUDIES

o HORMONE ASSAY STUDIES

o RABC SHAPE DISTRIBUTION

L 4

o MEASURED ONCE AT 4580 DAY OF
MISSION IF (SOTOPES WITH SUFFIC
CIENT HALF-LIFE ARE AVAILABLE -
MEASUREMENTS CONSIST OF 13OTOPE
INJECTION FOLLOWED BY BLOOOD AND
URINE SAMPLING

o BLOOD AND URINE SAMPLING

@ INJECTION OF TEST SUBSTANCES
FOLLOWED 8Y BLOOD ANDURINE
SAMPLING (AT MISSION DAYS - 30,
€0, AND 00, APPROXIMATELY)

o BLODD AND URINE SAMPLING
(DAILY URINE WEEKLY BLOOD)

o BLOOD SAMPLES AT 2 - 3WEEK
INTERVALS

NEUROPHYSIOLOGY, VESTIBULAR

ZVETEM STUDIES:

© ROTATING CHAIR, LINEAR ACCELER
ATION SLED STUDIES

® INOVATIVE COUNTERMEASURES TO
MOTION SICKNESS

® REFLEX ACTIVITY STUDIES

® MOTION SICKNESS COUNTERMEASURES

o REFLEX ACTIVITY STUDIES

o DRUG TESTS AND BIOFEEDBACK STUDIES

o AEFLEX ACTIVITY MEASURES PARYT OF
GERERAL CLINICAL EVALUATION

identifies on which vehicle (Spacelab or Manned Platform) the research recommended

in Table 2.7.4.1-1 should best be performed.

Table 2.7.4.1-2 also identifies

some of the measurements that would be made on the crewmen in conjunction with
the biomedical studies on the manned platform.

It may be noted that regular medical measurements onboard the manned platform
consisting probably'of ECG, blood pressure, body temperature, some pulmonary
function measurements and neurological tests will satisfy a number of research
requirements. Additional measurement activities consist primarily 6f the

acquisition and preservation of blood and urine samples.

Although they are of

high priority interest, predictable biomedical procedures are not expected to
require a large amount of crew time, allowing, thereby, ample opportunity for
other research activities in either the life sciences or other disciplines.
Extensive biomedical data will of course be amassed over the many months and

years of station life.

2.7.4.2 Research in Space Biology

For the purposes of this report, all life sciences research utilizing sub-human
life forms as the experimental subjects is regarded as space biology, regardless
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of whether the specimen serves a a human model or as the representation of some
specific biological characteristic.

2.7.4.3 Long Duration Experiments - Increased Facility Reguirements

This section is designed to call attention to the increase in research
facilities generally required by long duration experiments. If we wish to
derive maximum value from a long duration experiment, it is not sufficient
merely to select an exporiment designed for a short-duration mission and
conduct it over a longer period. Usually, the entire experiment approach as
well as the experiment requirements change in order to produce optimal results.
To illustrate this thesis, an experiment, typical of those selected and funded
for a five-day Spacelab mission, has been chosen as a strawman.

The objective of the strawman experiment, identical for both the short-duration
and long-duration approaches, is to determine the effect of weightlessness on
rat liver function. Although the objective remains the same, the approach and
requirements are significantly different in the two situations. These
differences are illustrated in Figure 2.7.4.3-1. The experiment procedures

~specified on the chart are exemplary only and have not been derived from actual

experiment protocols.

On a five-day mission the rats are typically not removed from the holding
facility in flight but are all returned intact for post flight studies. HNo
manipulation of the animals by the crew is required; only minimal waste handling
and presentation would normally be needed. All inflight measurements such as
food and water intake and movement patterns are determined automatically by the
holding unit. '

If the above procedures were to be extended over a 90-day period, only minimal
additional information would probably be gained. If, however, the crew
examined and weighed the rats at frequent intervals and if some animals were
periodically sacrificed and liver samples obtained and preserved, then a wealth
of additional information would be realized. These additional procedures would,
however, extensively alter facility requirements and crew time requirements.
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Figure 2.7.4.3-1

SPACELAB 5-DAY MISSION —
VERSUS MSP 80-DAY RIISSION
APPROACH AND FACILITY REQUIREMENTS

Hlustrative Experimeni: Effoct of Microgravity on Liver Function
{Conversion of Carbohydrates to Lipids) in the Rat

SPACELAB 5-DAY MISSION MSP 80-DAY MISSION
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Ocﬂgm‘ﬁ-&fg"clék; {f}-a € o 12 ngArs RETURNED FOR POSTFLIGHT EXAMINATION
: ?g ;',75'0""‘ AL . © SEVERAL EXPERIMENTAL DIETS INVOLVED
[

The periodic sacrifice of rats would, consequently, increase the number of
evoeriment specimens used and require a second RAHF unit. Rat examination,
we‘ghing, sacrificing and tissue sampling would all be performed on a

surgical facility such as a general purpose workbench furnished with pertinent
instrumentation and supplies. The preservation of liver samples would require
both a cryogenic freezer for the tapid preparation of frozen samples and a
-70°C freezer for their long-term storage as well as for the storage of rat
carcasses. Increased requirements are expected to be typical for almost all
space biology experiments converted from short-duration to long-duration
missions. This condition is summarized in Figure 2.7.4.3-2.

Not only will facility requirements, in this case, be increased by a factor of
six but the demands on crew time per week will almost double. Figure 2.7.4.3-3
illustrates that the specimen monitoring and support activities performed by
the crew on a short-duration.-mission will require only a little over six hours

for the total mission, whereas, the activities required for the 90-day
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experiment would require almost 11 hours for a comparable period or about 194
hours for the total mission. Examples of crew time requirements for other
typical life sciences experiments are shown in Figure 2.7.4.3-4.

2.7.4.4 Life Sciences Research on Early Manned Platform Missions

The preceding section discussed the increased requirements that are typical of
converting from short- to long-duration missions. FEarly manned platform
missions are not expected, however, to be able to afford the iuxury of large
enclosed volumes and extensive crew time devoted solely to experiments, life
sciences or otherwise. The initial manned platform is expected to incorporate
only a short module dedicated to crew habitation which may include, at most,
two double racks for experiment equipment. For such configurations, experiments
will have to be carefully selected to prevent their overburdening available
space and crew time and yet be appropriate for long-duration missions and be
able to yield information of value over the full 90, or more, days of the

mission,
Figure 2.7.4.3-4
ESTIMATED CREW TIMES verzn
FOR TYPICAL EXTENDED-DURATION
LIFE SCIENCES EXPERIMENTS
DURATION NURIBE R OF AVERAGE CREW TUGE
EXPERIMENT TITLE (1. 3] CREWMEN (&tN PER DAY)

HUMAN VESTIBULAR FUNCTION [ ] 2 OR MOKRE 5 FER CREWRLAN
CHANGES IN HUMAN BLOGD VOLUME 2 OR BORE 10 FEA CRENMAN
CHANGES IN HUMAN CIRCULATORY [ ) 2 OR MORE 2PER CREEREAN
DYNAMICS

HUMAN LUNG COMPLIANCE AND ] 20R ROARE 7 PER CREWMAN
PULMONARY RESISTANCE

LUNG CLEANRSING AND TRAUMAATIC [ 1 1 »
INJURIES IN RATS

RADIATION TOLERANCE IN ANIMALS . 1 %S
DROSOPHILA BEHAVIOR AND 12 1 120
LIFE-CYCLE PHENOMENA

BEETLE DEVELOPMENT IN 13 1 "
WEIGHT LESSNESS

PLANT GROWTH AND DEVELOPMENT 12 1 13
DEVELOPMENT OF CHEMICAL 9 1 "3
ABNORMALITIES INPLANTS
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Figure 2.7.4.4-1 presents three space biology experiments that exemplify the
characteristics discussed above. The experiments are maintained in three
relatively self-contained modules; they require only a minimum of support
equipment and supplies, all of which share the double rack with the experiment
modules. Any required specimen manipulation and examination can be conducted
on the surface of the General Purpose Workbench which is part of the habita-
bility module equipment and will require a maximum of eight manhours per day.
Figure 2.7.4.4-2 identifies the major activities typical of the three
experiments and group them into experiment periods included in a 24-hour crew
timeline.

Figure 2.7.4.4-3 depicts the timelines for three manned platform crevmen for a
typical day of an early mission. The daily timelines allocate eight hours for
sleep, eight hours for experiment activities, one hour for station-keeping,
three hours for meals, two hours and 30 minutes for leisure time and 30 minutes
each for medical measurements (sustained for months, maybe years), pre-sleep
activities and post sleep activities. The activities identified on

Figure 2.7.4.4-1

LIFE SCIENCES vioeTs
MANRNED PLATFORRM PECGRAM
(EXAPRAPLE 90-DAY ACTIVITY)
SPACE BIOLOGY EXPERIMENTS CREW ACTIVITIES
SIMPUCE SYNLATION
© EFFECTS OF WEIGHTLESSNESS ron e reoeros © HARVEST
%mﬁfgm&g’;‘s exrenmnt {[exeemment AND SPERS
{90-DAY CYCLE) bl bl ® MIX EGGS AND SPERM IN
ARABIDOPSIS HMODULE CONTAINERS
® ARABIDOPSIS PLANT GROWTH, L"‘":.‘,‘“"' ® ENSURE PHOTOGRAPHY
DEVELOPMENT, AND HEREDITY AND SPECIMEN FIXING AT
INZERO G (21NAY CYCLE) ( @g = PRESCRIBED INTERVALS
© DROSOPHILA (FRUIT FLY) xead || [BETH] © HARVEST
BEMAVIOR AKD LIFE CYCLE £ROC £GG > PLANT GROWTH SEEDS ANUPLZRTIN
PHENOMENA IN ZERO G MoDuLE ///'/ ] 1ARRSIDOPSIE) AGAR MEDIA
(15DAY CYCLE} 7105 wocuLE ® PRESERVE MATURE PLANT
[seiccroncamvenia] LL7 PARTS AS PRESCRIBED
A= T ® ENSURE PLANT $80DULE
« HABITAT-COMPATIBLE : [ﬁ ®B] OFERATION AND
© TWO-RACK ALLOCATION (=== 1 envmoma
 EXTENSIVE CREW FRUIT Ry ® MAINTAIN
INVOLVEMENT MoDULL [} L aeemict naron COLONY
© MODERATE INVESTRENT o l © SEPARATE MALE/FEMALE
Uit =3 -——— FLIES
= == ® OBSERVE FOR MUTATIONS
© MONITOR DROSOPHILA
=S5 SSeees BEHAVIOR
© COUNT EGG BATCHES
© MAINTAIN MORTALITY
RECORDS

® ENSURE OFERATION OF
DROSOPHILA MODULE
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Figure 2.7.4.4-2

JLIFE SCIENCES EXPERIRENTS]
1
Period F, Earth Equivalont Time 8:00 am to 9:00 am
Frog Epg Experiment Dzta Collection { avtem evviaTen)
® Chack Expsriment tioduts T . Oy 8nd CO, Levels
@ Chack Adhorence to Fixative In .:chsd

o Chock No. olExmmthMwmm—wwm

o Remove Conlainer Holding Liost Recanily Fixed Specimen — Exsnine Progress end
Development With Hand Lens

® Record Data

Pericd G, Earth Equivalent Time — 10:00 am to 12:00 Noon

!)rosophlh Colony Laintenance

o Chach DI ForAutomaﬁcallzControM

o Check Each sophila — Conts Cepsula in tiodule
- Examine For Amount of Yeast Growth — Reinnoculsis As Kecessary
~ancpoanmig‘?amdmmnm.=¢c;pmh

©® Record Data

2He
Period H, Earth Equivalent Tima — 1:00 pm t0 3:00 pm

Arabidopsis Seed Harvesting and Replanting

o Remove Arebidopsals Experiment itit From Storage and Setup on Workbench

o Remova Arabidopsis Growth Tubes From Refrinerstor and Aliow to Warm

© Removo, Soparztely, Arzbidopsis Fisnts Frem Expariment todule

° Harvast Seads, Replant Some in Hew Tubes, and Package Remainder For Raturn -

o Lebet Sesd-Containing Tubes and Return to Expeciment Eloduls

o Exsmine Liature Flants For Abnormalitias — Record Obtervetions

o Ramove Specilisd Plznt Parts, Presarvs, and Prepace For Rsturn. Dispese of Rest of Plant
¢ Return Kit to Storzgs and Dizpote of Utsed Tubss

I Hr

:jwc.&mwvmmm.cmm—r:wpm

Drosophiiia Experimont Activities

¢ Remove Dmsoph!la Expodmem Kit Ftom Stongo and Setup on Workbench
o Remove D FromE t iocute Previousty Hotod to Contain
Egg Baiches
e Anasthotize and R2move Flies
o Usln Hand Lens, Separate Meafes From Females
taln Hew Contziners From Retrigerator
Puoo Some kzales in One, Females in Another
Package Remazining Flles For Return
Using Hand Lens, Count No. of Eggs in Each Egg Batch
ecord Data 2nd Roturn Containers 1o Experiment iodule

R

Remove Containers With Newly Hatched Flies

Anesthstizs Flizs, Seprrete Malas From F les, and Examine For Abnoimalities
Place Some kzles in One Hew Container, Femaies in Another

® Packape Remainder For Return

e Remove Containers With Male Flies and Female Flios Which Have Just Reached ksturity
® Anesthoiire Files and Place Some itales and Somae Fomales in Mew Container

o Allowr to Recover and Observe Mzting Behavior

® Return Containers to Experiment Module

Record Observetions and Data

Roemove Containers Previously Moted ty Contain Dead Flies
Anesthetize Filos and Remove Dead Specimens

Package Dead Flies For Return

Record Longevity Data

Repack Klt and Return to Storage
o Disposa of All Used Containars end Supplies
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Figure 2.7.4.4-3

CREW TIMELINE — 3 CREWREN
TYPICAL MISSION DAY

viosn
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'Figure 2.7.4.4-2 for the three life sciences experiments are shown as

experiment periods on Figure 2.7.4.4-3 as part of the timeline for Crewman
No. 2.

Detailed definition of the character or accommodation of individual payloads
was not called for in the Statement of Work or possible in this size study.
Therefore, any follow-on efforts on the space station should begin with the
following:
® A list of medical research hardware needed.
e An accommodation analysis showing where equipment should be located
on a priority basis.
A timeline analysis of crew time requirements to do the research.
A confirmation of the residual accdmmodations\availabIe for space
biology research equipment.
® A discussion of options and advantages of locating medical and/or
space biology research equipment in various modules of the station.
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Such an activity should of course be coordinated with the ongoing MSFC/Ames/
JSC planning for Life Science flight experimentation for the 1990s. {‘

2.7.5 Rendezvous Sensor and Control Testing
Future operations in low earth orbit will involve a considerable amount of
remotely-controlled vehicle operations including the following:

o Excursions of Teleoperator Haheuvering System (TMS) for modular
assembly ahd replacement, sensor target deployment and retrieval and
remote environment measurement.

¢ Unmanned logistics vehicle rendezvous (and relaunching of reentrable).

e Orbital Transfer Vehicle (0TV) dispatching to remote location before
engine firing.

o Unmanned spacecraft acquisition for servicing.

e Subsatellite payload vehicle redocking for servicing or materials -
processing product remcval for return to ground.

Although the U.S. has had considerable experience in the rendezvous and docking
of manned vehicles, considerable development and test activities are in
prospect to acquire a routine unmanned rendezvous capability.

For several years now, the U.S.S5.R. has been using unmanned Progress spacecraft.
as well as Soyuz manned spacecraft which have been converted for logistics to
support the Salyut 6 space station. International news media reports indicated
troubles in early flights of the Progress which can be an indication of the
challenge of development involved.

In any event, as shown in Figure 2.7.5-1, the manned space platform can serve

as a flight test base for the development of rendezvous sensors, controls,
techniques and prototype spacecraft.
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Figure 2.7.5-1
RENDEZVYOUS,RECCVERY AND vFrazs
CONTROL TESTING
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@8 Acquire, Track and Control ~ ~ : g:tm:{um. °| 1P ’““‘;’:‘ g
° °°§ﬁ$?ﬁ?3;af:2§? Qb‘\ Recovery for Sciantific

— C (1}

—= Control Sansitivitiss . N Mutu{emmu of Satellite
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— Refueling

— Maintenance \ Ground — Launched

Unmannad
Logistics Vehicle

The development/prototype testing to be performed on the manned space platform
would progress from early tests on subsystems and sensors to eventual vehicles
for the determination of performance envelopes, interface constraints and
safety precautions.

The on-orbit test activity requires an exterior berth for equipment, special
control console and data acquisition system (including telemetry antenna and
perhaps a TV antenna for closed-loop visual-based control) and viewing ports
and documentary TV and camera coverage much like a test facility on earth.

The role of man in such testing is as significant as that in dynamic flight

simulations on earth and would include such functions as those defined in
Figure 2.7.5-2.
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Figure 2.7.5-2 o

ROLE CF MAN iN RENDEZVOUS TESTING

FOR APPROACHING IN-FLIGHT TARGETS
(GROUND OR ORBITAL LAUNCHED)

@ Activate Sensor (Radar or IR) and Initiate Autotrack flode;

Initiate Control of Approaching Spacecraft

8 Observe Sensor Output on Display Screen
(Sensor in Autoscan Rode Based on Tracking Data Input);
Rfonitor Spacecraft Status

& Difierentiate Target from Clutter

a Adjust for Any Sensor or Environment Problems
a Documentary Photograph Incoming Spacecratft
Coordinate Operations with Auxiliary Tracking

8 Rodify Plsasurement and Control Approach as Required by
Anomalies or Experimental Objectives; Repeat Tests as

Required

FUNCTIONS FOR ORBITAL DEPLOYIENT AND/OR
RETRIEVAL OF SATELLITES

a Manipulate Subsateliite From Stowage Position to Docked
Teleoperator Maneuvering System (THS)

@ Checkout and Deploy Subsateilite/THMS to Set Distance From
Manned Platform, Orient as Required

m Activate Radar or IR Sensor, Tracking Support System, and
TMS/Payload Control System and Control Flight

@ Activate Payload and Perform Operation
[Retrieve Satellites with TEAS if Conducting Servicing]
m Monitor Status of TMS/Satellite for Contro! and Safety

@ Return TiAS/Satellites to Manned Platform for Berthing
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2.7.6 Environmental Control and Life Support (ECLS) Technology

Although the initial configuration of the manned space platform (MSP) is
conceived to have an elemental ECLS subsystem capability, later growth
configurations will have increasingly more efficient but more complex
equipment.

It is further conceived that much of each subsystem in the manned space plat-
form will be highly modularized not only for on-orbit servicing and/or replace-
ment in the event of failure, but also to permit modular upgrading of capa-
bilities when needed for growth without returning the vehicle to earth.

Part of the activity on the manned space platform will be dedicated to
development testing of advanced subsystem modules, such as ECLS, putting them
temporarily on-line in the system to test performance and sensitivities in
zero-g plus other real environments and loads, before commitment to final
design.

Figure 2.7.6-1 illustrates one candidate approach to progressive, modular
development of an advanced ECLS capability. Figure 2.7.6-2 presents an

Figure 2.7.6-1
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Figure 2.7.6-2

VAPOR CORIPRESSION URIME vrae
WATER RECOVERY

OVERALL OBJECTIVE: SIGNIFICANTLY REDUCE
EXPENDABLE RESUPPLY

MISSION PURPOSE: VERIFY DESIGN CONCEPT IN ZERO g
PLATFORM REQUIREMENTS:

— DOUBLE RACK MOUNTED

— WEIGHT 302 LB

— POWER 70W AVG, 211W PEAK

— COOLING 297 BTY/HR AVIONICS
’ 491 BTU/HR CABIN AIR

— PROCESSING 20.5 LB/DAY

overview of one possible technology development payload, namely, vapor
compression urine water recovery. The objective for eventual incorporation of
such a capability into the manned space platform is to reduce the storage and

logistics involved in handling of many pounts of waste water produced each
day.

As part of their subcontract, Hamilton Standard also provided material on
subsystem flight technology verification for ECLS as presented below.

2.7.6.1 ECLS Subsystem Demonstration (Hamilton Standard Input)

The evolutionary growth concept of the Manned Sapce Platform offers the
unique capability to perform verification: and demonstration testing of growth
ECLS concepts on Shuttle and early MSP missions. It is anticipated that
subsystems would first be demonstrated on Spacelab or Orbiter and followed by
life verification on early MSP. In this manner, zero-gravity compatibility
js demonstrated on a short-duration mission where modification and retest on
subsequent launches is possible. The use of early MSP for life verification,
rather than just demonstration, will save extensive and redundant ground
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testing as well as provide an early improvement in crew amenities. The
demonstration subsystems do not provide primary functions during the early
missions. They are intended to establish certification and confidence for
later missions. As such, these units may be scaled or modularized to provide
only a portion of their ultimate performance.

The following discussion is divided into three sections. The first presents
the candidate vehicles and their advantages and limitations for demonstration-
type hardware testing. The second section presents ECLS functional groups and
preliminary rationale for an in-orbit demonstration program. The third section
describes how the demonstration and evolutionary subsystem can be physically
implemented into the MSP vehicle.

2.7.6.1.1 Vehicle Considerations - Shuttle Orbiter: The Shuttle Orbiter
represents the most advantageous vehicle to perform certain subsystem and
zero-gravity demonstrations because of numerous flights and availability of
critical resources such as food preparation, hygiene, commodes and greater

water storage capability.

The Orbiter would be the primary vehicle to demonstrate hygiene subsystems
such as a shower and clothes washer. The wash water produced in those units
could either be stored or used to demonstrate wash water processing equipment
such as TIMES or VCD. Urine is also available for processing in the Orbiter.

The MSP CO2 removal subsystem (SAWD) is competitive with the Orbiter CO2
removal subsystem (LiOH) in weight and voluem for baseline Shuttle missions.

As such, use of SAWD as the primary CO2 system on Orbiter could accumulate
sufficient hours on the many Shuttle missions anticipated prior to MSP to
provide the life verification needed for the initial platform For this reason,
Orbiter is recommended as the primary vehicle for SAWD.

Spacelab: The Spacelab is designed for experiments and experiment packages.

Experiments, in general, must be self-contained. Convenient interfaces are
mounting support structure, power, air-cooling and data acquisition.
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The Spacelab missions of up to seven days limits its use to zero-gravity
demonstration only. Life certification for MSP requires much longer missions
than Spacelab will provide.

Spacelab is ideal to evaluate condensate processing and water quality
monitoring because of the availability of condensate water. Air systems such
as SAWD and catalytic oxidation could use Spacelab as a demonstration vehicle.
Maintenance demonstrations on components and component subassemblies would
also be conducted in Spacelab.

Early MSP: As previously discussed, the early MSP missions are ideal to

éy provide life verification of subsystem needed for the growth platform.
Demonstration tests are not recomnended for the MSP because unacceptable
performance would result in the having to carry the subsystem as dead storage
for 90 days or until the next resupply period.

e

S P S Y i

drerns

Incorporation of Shuttle demonstrated hygiene subsystems such as a shower and
‘(H 5 clothes washer on the early platform together with wash water processing will
have direct crew benefits even if these subsystems are only available on a
limited basis. ‘

T

e —rT——
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Subsystems, such as Solid Polymer water electrolysis and Sabatier CO2
reduction, which are not required until the final HMSP growth step, can be used
for life verification on the early platform without prior demonstration on
Shuttle or Spacelab.

2.7.6.1.2 Subsystem Considerations - A preliminary scenario for in-flight
verification of each ECLS subsystem is presented in the following tables. The
subsystems are divided into four major functional groups: Atmosnhere, Water

T A S R TR b S R B e Ry

Processing, Hygiene and Maintenance Demonstration. Integration between water
processing and hygiene is required, as discu-sed in the tables to balance the
}f inlet/outlet flows of both subsystems. The other major integrated test occurs
e during the intermediate MSP configuration where the demonstration electrolysis

and CO2 reduction subsystems will be integrated with the baseline CO2 removal
subsystem to perform closed loop atmospheric testing.

4)
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2.7.6.1.3 Implementation Considerations ~ Two major options are being con-
sidered to physically install the demonstration hardware and final growth
hardware into the MSP. The first option requires designing the initial plat-
form with adequate provisions (mounting, plumbing interfaces, power and
control interfaces) to install the growth hardware during the evolutionary
phasing and demonstration test missions. This option, recognizes that
considerable consumables are launched with the initial platform since no
logistics module is planned until the first resupply period. For example,
the consumable tanks might be located where the growth ECLS subsystems could
eventually be installed. A1l packages and tanks must then be designed for
transfer and easy installation. As demonstration and growth hardware packagas
are launched, they will be installed in their predesianed locations. The
empty tanks will be transferred to the logistics mo:. le for return to earth.

The second option uses special ECLS modules to package the demonstration and
growth hardware. A module can be tailored for each mission phase. The module
would attach to the Airlock Adapter and be replaced as mission needs and ECLS
configurations change. The ECLS module option becomes attractive if a
Logistics Module is used on the initial platform and equipment volume is not
available for evolutionary equipment growth within habitable modules.

Sketches of the two options are shown in Figures 2.7.6.1.3-1 and -2. The
first option uses the space allocated in the Airlock Adapter to package the
ECLS equipment. The main complexity of this approach 1ies in the requirement
to front load significant engineering effort associated with the design and
installation of growth systems during the preliminary design phases of the
MSP program. The major drawback of the second option is the requirement for a
new module. However, one-segment modules are planned for many platform
experiments and its use for ECLS subsystem could represent a minimum develop-
ment cost. Initially, the ECLS module would attach to a port on the Airlock
Adapter. In its final configuration, when reliance on clnsed loop ECLS has
been certified, the logistics requirements are reduced to a single segment
module size and both modules are installed in tandem. The Logistics Module is
replaced at its normal schedule period. Replacement of the ECLS module is
easily achieved at the same time if a major overhaul or significant hardware
improvement is scheduled. Otherwise, single subsystem replacements would be
accomplished in orbit.
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2.7.6.1.4 Technology Verification Logic - The following charts
(Table 2.7.6.1.4-1) describe the MSP requirements and technology verification
logic for each functional group of ECLSS hardware.

2.7.7 Deployable Structure Tgchnology

The growing size of space vehicle sizes create a continuing need for various
approaches to compacting structures into the Shuttle cargo bay for delivery to
orbit.

Although many innovative mechanism approaches to compaction have been ventured,
the integrated performance in the orbit environment, for deployment, rigidiza-
tion and sustenance of design rigidity, is difficult to model analytically and
most assuredly require in situ testing.

In Figure 2.7.7-1 a representative deployable structure is shown along with
all of the attendant test functions and sources of problems defined in a
recent in-house MDAC study. In addition, 2n approach is shown for measuring
deformation of such a beam with a dual-taser instrumentation setup.

This particular type of deployable structurec was designed for use in compact
delivery of sections of a very large, (Advanced) Science and Applications
Space Platform which were studied for NASA/Langley through MSFC (MDAC report
G8533, July 1980) to accommodate those extremely large payloads identified by
the science community for the mid to late 1990s. The concept is illustrated
in Figure 2.7.7-2 and features individual structural arms of 60 meters and an
overall span of 125 meters. The design of an individual section is shown in
Figure 2.7.7-3. The performance accuracy budget elements for such a structure
are as follows:
e Materials
- Short-term E, variations
- Long-term E, variations (radiation)
- Creep
o Structures
Thermal distortion
Stiffness
- Dynamic response
Damping »
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Table 2.7.6.1.4-1

MSP/ECLSS REQUIREMENTS AND VERIFICATION LOGIC

FUNCTIONAL GROUP

MSP REQUIREMENTS

VERIFICATION LNGIC
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Table 2.7.6.1.4-1 (continued)
FUNCTIONAL GROUP MSP REQUIREPENTS VERIFICATION LOGIC
SIRSYSTEM INITIAL  QINTERSEDIATE  GROWTH GROUND SKUTTLE/SPACELABR N
R 1} .
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Table 2.7.6.1.4-1 (continued)
FURCTIONAL GROUP fSP REQUIREPENTS VERIFICATION LNGIC
. SUBSYSTEM INITIAL  [INTERMEDIA GROWTH GROUND SHUTTLE/SPACELAB MSP
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Table 2.7.6.1.4-1 (continued)
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Figure 2.7.7-1
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DEPLOYABLE TRUSS FOR COMPACTION IN CARGO BAY
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@ Mechanical Systems
- Deployment technigues
- Joints
- Hinges
- Actuators
o System Alignment
- Pointing
- Maneuvering
- Surface measurement/alignment
It is the division of error among these elements that are almost impossible to
model for assurance of design propriety. On-orbit tests must be performed
with extensive instrumentation, such as the laser mentioned above, in a mode
and installation tmuch like an earth-bound structural test laboratory. The
packaging of the type of experiment envisioned here (for the structure shown
in Figure 2.7.7-1) to be Shuttle-delivered and later mounted\gn the manned
platform for testing is shown in Figure 2.7.7-4. Note that this type of early
development testing would precede the use of such structures in larger systems
(later on the manned space platform) such as those described later in
Paragraph 2.7.10, Large Multi-mirror Reflector Assembly/Alignment.
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2.7.8 Propellant Handl%ng Technology
The results of numerous studies have indicated potential advantages for
operating an OTV from a manned orbital facility because extensive checkout and
launch services could be made available and the desirability for economical

reusability. This section discusses the evolution of the OTV technology needs
and the utilization of the space platform to accomplish the technology experi-

ments in early years of a manned space platform. Presented later in this
report (in Paragraph 2.7.11) is a discussion of the operation of an OTV from
the platform and the description of facilities required to support such an
operation in the later years of the manned space platform.

The performance requirement for the OTV is such that large quantities of
propellants are required to deliver the rather large payloads to high earth
orbits. It is possible to build very large 0TVs that use storable propellants
to deliver the necessary impulse, however, the higher performance of the
cryogenic propellant combination, LH2/L02, makes this the more desirable
propellant combination. A space-based 0TV using cryogenic propellants
requires a number of technological advancements before it can be successfully

70




. . Ll e D0
ORIGINAL Fanr

OF FOOR Qu.iuiTY

developed. Figure 2.7.8-1 depicts the evolution of cryogenic OTV technology
devzlopment. A number of MDAC, MMC, BAC and RI studfes and ground/flight
experiments have led to theories and design concepts that indicate feasibility
or value from an optimized, space-based OTV. These studies and'ground experi-
ments have led to concepts of experiments that could be conducted with the
Space Shuttle. However, these experiments are limited in size and scope due to
cargo bay space and on-orbit time limitation of the Space Shuttle. Therefore,
these experiments have generally been designed to subscale sizes with the
primary objective of demonstrating the concept. Before the design, manufacture
and deployment of a space-based OTV fleet can be accomplished with confidence
it 1s necessary to perform full scale experiments to verify the design

" approaches. The space platform very nicely provides the base from which large

scale and long term testing can be done in the low-g on-urbit environment.

The technology needs for a space-based OTV as shown in Figure 2.7.8-2 are not
limited to on-orbit development. The reusability and long term usage requires
that the OTV reliability be very high and the maintainabiliity be very simple.

Figure 2.7.8-1
EVOLUTION OF CRYOGENIC OTV veann
TECHNOLOGY DEVELOPMENT

— e e —— — 1061 1085 1968
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Figure 2.7.8-2 vrors2 -
ORBIT-BASED OTV TECHNOLOGY NEEDS (

o Propulgion Subsystem Must Includa Additionzal Redundancy
to Preclude Failures

o Electrically Powered Propellant Pumps
e Automated System C/O or Self-Checking

e Automated Launch Sequence With Minimum Data Output
or Crew Support

w» Long-Life OTV Engine end Multiple Reuse
Without Refurbishment

o Leakfree Quick Disconnects

o Propellant Transfer

o Long-Term Cryogenic Propellant Storage

o Propzllant Mass Gaging (Loading Accuracy)
e Modular Replaceable Units

Reliability enhancement can be accomplished by use of hardware whosc reliability
has been established by rigorous testing and by designing the various subsystems
with additional redundancy. Ease of maintainability can be accomplished by
designing subsystems into modular replaceable units. The checkout of the OTV
and the launch sequence have to be automated in order to reduce the support
needs of the platform crew. These technology needs do not require in-orbit
testing to verify the design, however, the hardware must be designed for the
low-g environment.

The development of an electrically powered propellant pump is dependent on the
system concept selected for the O0TV. That is, this technology is needed only
if the OTV engines are pump fed. However, if the OTV cngines are pressure fed,
the most likely option although the pump fed system has better performance,
this technology development is not required. The technology for long life and
multiple reuse is currently being demonstrated on the Space Shuttle engines.
However, these engines have the advantage of undergoing ground refurbishment
after each use as the need arises. For the OTV engines, refurbishment will not
be possible except when they are returned to earth. Therefore, they must be
designed and rigorously tested to assure long-life capability.
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The OTV technology needs that require on-orbit demonstration and thus a space

platform are the (1) propellant transfer, (2) long-term cryogenic propelliant
storage, (3) propellant mass gaging and (4) leak-free, quck disconnects.
Figure 2.7.8-3 1ists the type of experiments that could be conducted on the
space platform to verify the design concepts related to the technology needs.

The propellant fill and drain experiment consists of a number of areas. The
transfer line chilldown is critical because of possible overpressures due to
boiloff of cryogenic fluids as it contacts the warm hardware. The chilldown of
the propellant tanks require a significant quantity of 1iquid, therefore, it
may be desirable to groudn chill the tanks and keep the tanks chilled through-
out its on-orbit 1ife. The propellant loading accuracy of the OTY has a direct

effect on OTV performance capability because a 1% loading error translates into
a8 six to 13% loss of payload capability.

The maintenance of chilled tanks and the long term storage of propellants
require experiments that will characterize the performance of the OTV insulation

~ Figure 2.7.8-3
CRYOGERNIC OTV EXPERIMENTS vruzrm

Propellant Fill and Drain
Transfsr Line Chilidown

Tank Prechill (In-Orbit Chilldown
vs Ground Chilidown)

Tank Fill Without Venting
Loading Accuracy

Loading Times With Partlal Acgulsition
Device on Tanker

Propallant Storaga (Long-Term)
e Insulation — MLl vs MLI/VCS
e Zero-G Vent System

Tank Assembly
e Latchiig
e Umbilical Sealing

Monitoring and Maintenance
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system. There are a number of insulation types and techniques available,
therefore, detail analyses and actual testing to support the analyses and
verify the design is required. Two typical insulation systems are all MLI and
MLI/VCS. In order to successully store cryogenic fluids for long periods of
time in the low g environment, . vent system that precludes liquid vent is
required to minimize fluid loss.

Figure 2.7.8-4 illustrates a typical OTV technology experiment conducted on
the space platform. In this particular case, the test objectives are (1)
multiple tank assembly procedure and techniques, (2) propellant transfer from
a storage tank to the OTV tank, (3) transfer line and tank chlldown and (4)
long-term storage of cryogenic fluids to characterize the insulation system
and verify the vent system design.

2.7.9 EVA and Remotely Controlled Servicing Technology
EVA is a mature technology and it can contribute much to the reliability and
flexibility of the manned space platform and iis payloads. Considerable

Figure 2.7.8-4 o
OTV TECHNOLOGY TESTING v

JEST OBIECTIVES

o TANK ASSEMBLY
PROCEDVURES AND
TECHNIQUES

& FROPELLANT
TRANSFER

© LONG-TERM

STORAGE -
CRYOGENIC .

PROPELLANT [T
TANKS f)

MANIPULATOR -~
AND AUXILIARY
OPERAYIONS
CONTROL

PAYLOAD
OPERATIONS
BEAM
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equipment and tested techniques exist now but considerable development and
on-orbit testinc is required to prepare for major operational use of this

valuable capability.

In the 15 years since the first EVAs in 1965 (23 minutes by Soviet Cosmonaut
Leonov and 59 minutes by Gemini Astronaut White), major advances in EVA
technology have been made. Pressure suit developments include increased
mobility and dexterity, significant decreases in the energy required'to main-
tain body position by the astronaut and improvements in suit l1ife support
systems. Airlock technology has been developed to eliminate the need for
depressurizing the entire spacecraft prior to EVA. Major advances have been
made in restraint and mobility aids as well as support equipment such as
remote manipulators and astronaut maneuvering units.

Even prior to the first EVA, neutral buoyancy water immersion and parabolic
aircraft flights were used to simulate the zero-g space condition but 1t was
not until later Gemini, Apollo and Skylab flights that the true value of under-
water simulation for EVA procedures testing and training became apparent. It
has now become standard procedure to practice all EVA activities under water.
The Johnson Space Center for instance has been performing simulations of
Shuttle contingency EVA modes (e.q., payload bay door failure and thermal tile
repair) and the Marshall Space Flight Center has performed extensive underwater
simulations of Space Telescope on-orbit servicing.

EVA by the three Skylab crews, which transformed that mission from almost
certain failure to an unqualified success, demonstrated the maturity of EVA as
an acceptable way of achieving mission objectives.

On the manned space platform, the following types of functions can be
substantially aided by the use of EVA:
e Large structure deployment
Large structure assembly/alignment
Film and tape replacement
Focal plane instrument exchange
Subsystem equipment exchange
On-orbit checkout
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Experiment calibration/alignment
On-orbit maintenance (scheduled and unscheduled)
Payload deployment/retrieval/exchange
Gas/cryogen replenishment
Observation/inspection of experiments

@ Contingency operations
Hopéful]y standardized techniques and equipment can be developed and utilized
on many different payloads and platform subsystems. Certain techniques and
equipment are of course available now but the scale of major future operations
on the manned platform call for considerable new developments for the world of

EVA.

EVA by the Skylab crew was a key to mission success. The difference between
planned Skylab EVA (29 manhours in six EVA periods) and actual EVA (82.5 man-
hours in 10 EVA periods) illustrates not only the effectiveness of EVA but
also its flexibility. Most of the 13 unplanned in-fiight repair tasks were
performed at locations where workstations had not been provided, to which
preplanned translation paths were not available and at which crew and equip-
ment restraints were non-existent.

Deployment of the 0 WS solar array and thermal shield, as well as installation
of the rate gyro package, are dramatic in that failure to accomplish any one
of them could have meant loss of the mission. Of almost equal significance,
however, are the unplanned EVA tasks which saved numerous experiments from
early failure and contributed to the scientific success of the mission.

The following EVA functions wé}e performed on Skylab:
e Scheduled EVA - 29 manhours (six EVA periods)
- ATM film retrieval
- DO 24 sample retrieval
- §230 collector retrieval
® Unscheduled EVA - 53.5 manhours (10 EVA periods)
Deploy OWS solar array
Deploy twin-pole thermal shield

Install rate gyro cable

Repair charger battery regulator module (CBRM)
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- Repair 5193 antenna

- Replace SO082A film magazine

- Secure S054 and 5082A aperture door cpen
- Repair S(54 filter wheel

- Clean S052 occulting disc

- Install and retrieve samples

- Install and retrieve S149 experiment

- Install, operate and retrieve T025, S020 and S201 experiments
- Remove S055, S056 and S082A ramp latches
- Obtain temperature of S020 experiment

18 extra mission objectives

13 in-flight repair tasks

EVA Equipment Available

The following equipment is available or under active development for use in
the support of EVA.

A.

Extravehicular Mobility Unit (EMU)

The Shuttle EMU is an anthropomorphic pressure suit containing its
own back-mounted life support system. Compared with some earlier
suits such as the Gemini suit, an umbilical is not required. A
Liquid Cooled Ventilation Garment is worn under the basic pressure
suit.

The Shuttle airlock, through which the EVA crewman exits and enters
the Shuttle pressurized middeck, may be mounted inside the crew
compartment or extenral in the payload bay attached to the forward
bulkhead. Support equipment in the payload bay includes handrails for
translating to various payload bay locations, lights, TV cameras and
EVA tools.

Two EMUs are carried on each Shuttle flight. They will ordinarily be
used by the Pilot and Mission Specialist, both of whom will have
extensive training in EVA. The EMU can support six hcurs continuous
EVA at an average metabolic rate of 1,000 BTU per hour. Suit pressure
is nominally 4 psi and thus with a 14.7 psi Shuttle cabin prebreathing
of approximately three hours is required. Following a six-hour EVA
the suit can be recharged in one hour.
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Manned Maneuvering Unit (MMU)
The MMU is a propulsive modular backpack device used with the Shuttle
EMU to provide EVA working range and accessibility beyond the reach

capabilities of the RMS. As illustrated and described in Figure 2.7.9-1 °

the MMU is designed to interface with the EMU and as such its
continuous operating time is constrained by the six-hour per EVA limit
of the EMU. To a large extent the EMU is a self-contained work
station since it provides worksite lighting, outlets for power tools
if needed and a capability for automatic attitude hold at the work
station. However, if large forces and torques must be exerted at the
work station, additional worksite restraints must be provided.

Figure 2.7.9-1

Development Status: Production

Weight: 240 Ib

Propulsion: Noncontaminating Dry GNo

Control: 6 DOF Manual Translation and Rotation
Automatic Attitude Control

Power: 2-23 YDC Cutlets

Lighting: Two Spot Worklights

Stowed in Payload Bay (X 582-636)
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C. Open Cherry Picker MRWS
- Manned Remote Workstation (MRWS) is a generic term for a family of
( ' manned work platforms, the first of which is the Open Cherry Picker

(OCP) and includes closed work modules, railed work stations and
free-flyer work stations. These future versions are planned primarily
to support large space construction activities.

o gy
[2Y =
R e L e O 31 ]

The OCP, illustrated in Figure 2.7.9-2, attaches to a standard RMS
end effector and its work volume is therefore constrained by RMS
reach. The EMU-suited crevman is restrained on the platform by a
standard Shuttle foot restraint system. He operates the work station
including the RMS itself, if desired. from a control and display

Figure 2.7.9-2
OPEN CHCRRY PICKER MRS

Light
Stanchion
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console located on the work station. The OCP work station is
completely self-contained, providing electrical power via the RMS end
effector, work site lighting, bins for EVA tools and a payload
handling device for securing and transferring packages such as
replacement instruments or subsystem components. An electro-
mechanical manipulator (stabilizer) is provided to secure the OCP
work platform to the work site.

Figure 2.7.9-3 illustrates various EVA arrangements in prospect for the
emerging Shuttle/Manned Space Platform era.

Figure 2.7.9-3
EVA ARRANGEMENTS AND EQUIPMENT
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It is important to note that, as shown above, an RMS will most 1ikely be

i mounted on the Manned Space Platform to support many payload support operaticns

as well as aiding the loading and unloading of modules during Shuttle visits.

2.7.10 Large Multi-mirror Reflector Assembly/Alignment
Ames Research Center and the Jet Propulsion Laboratory are planning a 10- to
30-meter diameter, optical quality reflector spacecraft for infrared and
submillimeter astronomy (Large Deployable Reflector (LDR) technology develop-
ment plan; November 1981). Moreover, the DoD has great interest in these
types of reflectors for IR and laser applications. Technology and study
programs are currently aimed at a 1993 launch for a concept for a@ﬂgnment
mounted on supporting trusswork. There is a possibility that such a capa-
bility could be compacted into the Shuttle cargo bay and deployed as shown
in Figure 2.7.10-1, however, assembly of some elements in orbit is also a
possibility. One contractor indicates that 12 meters diameter is the break-
point in going from deployable to assembleable structures.

Figure 2.7.10-1

LARGE DEPLOYABLE ASTRONOMY -
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Regardless of the activation approach, an orbital base of some sort is needed

and most likely one which flys much longer than the delivery vehicle, namely |
; the Shuttle. Rigidization, alignment and checkout of this complexity-class

type of spacecraft will most likely take on the order of many weeks, perhaps

even months. The only reference point for estimating such operational time
consumption is the "Six-pack," (six-segment) reflector of the University of

Arizona Kitt Peak Observatory which has taken many months to align and

particularly to understand the performance envelopes of the system under

varying thermal loads.
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In space, of course, this type of setup work is more challenging as is the
environment and the cycling thereof. Therefore, although this type of space-
craft will fly unmanned in some particular orbit to satisfy its viewing
objective, it requires a manned platform for activation and alignment as
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‘ﬁ. pictured in Figure 2.7.10-2.
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The reasons for estimating on-orbit setup times of week, perhaps mounths, are
1isted in Figure 2.7.10-3 in terms of operations and structure challenjes.

The very high number of parts and joints inherent in this class and size of
configuration create a set of challenges which integrate a large variaty of
automated EVA and IVA functions. Although seemingly "crude" for the sophis-
ticated systems involved, the practice of EVA volting of numarous critical
Joints appears a reasonable prospect here, since autcmated latches with
sufficiently high-loading capacities would be prohibitively expensive and
heavy. Moreover, the structural dynamicists advise us that analytical
modelling and thus any substantiable prediction of on-orbit performance {s
barely feasible with highly-loaded bolted joints, let alone ones involving an
automated mechanism. '

Figure 2.7.10-3

LARGE OPTICAL-CLASS REFLECTCOR Vi
PAYLCADS '

[Operations Chsllengas |

Sot Up Berth, Power, end Command/Data Link
Deployment, Aaaembly, or Hybrid Sstup

Support Structure Rigidization

Tharmz! Stabllization/Compensation

Figure Control Activation and Chackout

Shape Msazuremant and Alignment (Partisl/Total)
Spacecrait Integration (Upper Stage If Raquired)
Spacacreft Chackout and Launch

Time Required: Probably Weoks Vs Deys (Platiorm Vs Shuttie)
[Structure Chellengas|

¢ Support Structures Must bo Compactabla Yet Rigidizatie -

e Compectsble Structures Have Miany Articulztion Joints, wmen ore w Noture:
- Froe To b3ove in At Le2at Ono Axis
— Difficult To Analyze/Predict As To Dynamics
— Difflcult To Sclidify Rigidize

¢ Rigld Structures Require High-Load, Rigid Joints

® Bolted Joints (EVA) Probably Hava Pinclits Ovar Autometicelly Actuated
Joints

— Load Cepability — Cost
— Dynamics — Fellsbility
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Therefofe. although boling of joints seems an elemental function for astronauts
it will provide a very important, cost-effective and most likely "only-way"
service for high-accuracy large reflectors.

Figure 2.7.10-4 1llustrates one concept for a joint in a substructure for the
segmented mirrors on a large deployable reflector. Crew access is available
for relatively simple tool bolt tightening after automatic deployment has
taken place., The EVA functions necessary for this type of operation 1s only a
nine-hour portion of each of eight days of an overall deployment timeline of
some 30 work days estimated as shown in Figure 2.7.10-5. Although this is a
seemingly long time for a relatively simple bolting function, there is
structural dynamic theory behind the suggestion that there is nothing more
effective or performance predictable than bolts for key parts of these complex
structures.

Figure 2.7.10-4
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DEPLOYMENT TIMELINE VF8H
(10-M TO 20-#3-DIA REFLECTOR)
Position For Deployment ' 5 Hr )
Daploy Reflector Segments 4 Hr
Crew Rest Period (Other Duties) 12 Hr
Pre-EVA Preparation 168 Hr
Prepare Equipment and Install
20 Attachments (1 EVA Shift) 6 Hr
Post-EVA Activities 14Hr | g Days
Crew Rest Period 12 Hr
Pre-EVA Preparation 1.6 Hr
Install 32 Attachments and
Inspect Total Assembly 6 Hr
Post-EVA Activities 1.4 Hr
Crew Rest Period 12 Hr J
Check Out and Verify Reflector
Surface Alignment, Controls, and 20 Days
Spacecraft Subsystem Performance (Details TED)
Final Checkout, Launch, Recheck, and Departure 2 Days
[f,ﬁ‘;pﬁf fom] < Total [0 Work Days)

The 20 days allocated for optical surface element alignment and other checkout
assumes that considerable ground test and simulation have preceded the on-orbit
activity and that the extent of deformations (not the nature or correction
modes thereof) will be the only new phenomenon to be dealt with. Certainly

the overall challenge of complexities here in prospect could increase on-orbit
operations times significantly.

The scurces of errors in segmented mirror surface contours in the space environ-
ment represent a composite of effects of ground manufacturing as well as on-orbit
imposed variabilities, including deployment mechanism inaccuracies as well as

the effects of thermal cycling and dynamic excitation impacts. Figure 2.7.10-6
illustrates these sources of error and Figure 2.7.10-7 illustrates one approach
to measuring and controlling the onctours of the segmented mirrors as an
integrated optical element. Here a laser scan of retroflectors distributed

over the surfaces, creates error signals by virtue of computer comparison with

an ideal model of the contour. Then appropriate commands are sent to actuators
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Figure 2.7.10-6
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on the backs of the mirror segments to bring them into integrated alignment.
As in the case of other highly-complex, future space operations, the program
planned by NASA calls for early technology demonstrations in space to assure
soundness of design approaches. Figure 2.7.10-8 shows (in the upper right
hand corner) NASA's plan for such space tests of "certain" concepts which
would constitute early experimental payloads on the manned platform in the
late 1980s preceding eventual system activation in 1993.

2.7.11 Orbital Transfer Vehicle (0TV) Basing

The performance and utility of an OTV may be enhanced by operating it from a
manned space platform. The many operations and facilities avaflable to an
0TV/platform combination are itemized in Figure 2.7.11-1. The platform
provides the on-orbit base to which the Space Shuttle delivers the segments
(i.e., multiple propellant tanks and propellants) of a large OTV in order to
assemble an 0TV capable of transferring large payloads to high earth orbit.

Figure 2.7.10-8
NASA PLAN FOR LARGE DEPLOYABLE REFLECTOR
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Figure 2.7.11-1

OTV/PLATFORM OPERATIONS AND FACILITIES (
@ Maniputation and Berthing of Large o Propeitant Storage Trenster Tanks
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& Checkout Console
® OTV Checkout — Maximize
Sett-Checking

e Cl Support Equip
o OTV Maintenance — Simple ® Control Center
Functions Only
L] Manip Sy
for Paylocsd interchange

The platform provides a base for the OTV to be stored and resupplied. The
resupply consists of propellants, gases and other expendables. The platform
performs the checkout and maintenance of the 0TV. The checkout is performed
with facilities attached to the platform. The maintenance consists of simple
functions such as replacing a modularized electronics box. Any complex repairs
such as replacement of engines is performed on the ground unless the technology
is developed in the future to safely perform these functicns.

The following paragraphs describe the operating scenarios ov the OTV and the
facilities used to perform the launch, return and vesupply of the OTV with the
p]apform as a base. )
A typical sequence for launching the OTV is illustrated in Figure 2.7.11-2.
The sequence is OTV and payload checkout, payload installed on 0TV, OTV
separated from platform and OTV main engine fired after the OTV is a safe
distance from the platform. The checkout and launch is performed by a crew
stationed in a dedicated ORY tect/launch module. The types of checkout and
the facilities used to perform such a countdown and operation are described in
the following paragraphs.

Figure 2.7.11-3 itemizes the checkout associated with the propulsion, thermal,
mechanical, electrical and avionics subsystem. Because of the on-orbit limita-

tions, there are several differences between the checkout on the platform and
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Figure 2.7.11-2
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the ground. These differences affect the design of the OTV and the platform
) facilities. For example, the small platform crew size means that the OTV
f'f‘ checkout and launch operation should be automated to the maximum extent

. ?} - poésib]e with backup support from earth-based crew.

3 Figure 2.7.11-4 defines the basic operational, safety and relfability interface
s requirements between the platform and the OTV. The design must establish

L t " communication 1inks between the platform and the OTV, permitting the platform
crew to control, monitor and evaluate the various systems of the OTV. Included
= among these activities are the operations required to verify pr.p.er platform/
0TV mating and interfaces; the operations needed to verify deployment readiness;
: the deployment operation; the post launch operations and the docking operations.
- These activities are controlled and menitored by a two-man crew and support

. equipment located in tha test/launch module (TLM) shown in Figure 2./.11-2. In
?g addition, the OTV design must permit communication with the ground during post

LR TR

Figure 2.7.11-4
f?';i STAGE/PLATFORM INTERFACE EQUIPMENT

Requirements
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deployment operations. A block diagram indicating the major interfaces
between the 0TV, LTM and the connecting berthing unit is presented in
Figure 2.7.11-5,

The basic OTV systems are shown including the propulsion system, guidance and
navigation and control system, powar system and telemetry and communication
system. An interface unit, digital computer and signal conditioner unit
complete the OTV avionics. The interface urit (IU) functions as a central data
processor, controller and timing unit. It interfaces with the digital computer
via a bidirectional parallel data bus; receives analog and digital data from
the guidance and navigation sensors; receives OTV instrumentation and status
data from the signal conditioner via a serial-digital data link; outputs
control signals to the propulsion and vehicle control system; outputs serial-
digital data to the telemetry/communications system for transmittal to the
platform (after separation); and outputs serial-digital data to the LTM via a
hardline data link (prior to separation). All data transmissions are
coordinated by clock signals originating in the interface unit.

Figure 2.7.11-5
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The OTV signal conditioner unit (SCU) accepts analog data from the OTV sensors
(thermocouples, strain gauges, pressure transducers, etc.) plus bilevel status
discretes from other OTV systems. The SCU then conditions and/or amplifies
the‘data as required, time multipiexes the composite data, performs analog to
digital data conversion, then outputs serial-digital data to the IU.

The guidance, navigation and control system (GN&C) contains the sensors
required to detect changes in OTV body rates and attitudes. This data is
provided to the onboard computer via the IU for computation of the control
signals required to correct vehicle position and rates. The corrections are
affected by varying the engine burn pulse rates and duty cycles of the
attitude control engines.

In addition to containing the control system algorithms, the computer serves

as the OTV timer. For example, the computer inhibits start of the OTV thruster
engine until sufficient time expires for the OTV to achieve a safe distance
from the platform.

The OTV power system includes a solar array affixed to the periphery of the
vehicle surface plus storage batteries. The system also contains all equip-
ment required to regulate, manage and distribute the available energy resources.
Prior to separation from the platform, power is provided from the platform
power system and controlled from the LTM. Subsequent to separation the power
system is controlled from the ground via the communication system and the IU.

The telemetry/communication system (TCS) includes the transmitters, receivers
and antennas required to communicate with the ground tracking station(s) and
with the platform. It is anticipated that the primary command and telemetry
link will be with the ground station(s) with the platform link required only
during near vicinity (post deployment and predocking) operations. The
communications links, operating in conjunction with the IU will provide the
capability to control predetermined functions aboard the OTV including engine
burns, power control switches, valve operation, etc. In addition, all data
required to monitor and evaluate OTV performance and status will be trans-
mitted to the ground and/or to the platform.
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The test/launch module (TLM) includes the equipment required for control,

test and monitoring of the OTV by the two-man crew. An interface unit similar
in function to the unit in the 0TV receives serial-digital data from the OTV.
The data is displayed on the CRT and/or limit-checked by the LTM computer.
Selected status data, including critical safe/arm functions are displayed
permanently on the control and monitor panel. The crew also has the capa-
bility. to control the OTV systems via the keyboard, interface unit and
serial-digital data link. In addition, software and data is transferred from
the TLM computer to the OTV computer in response to keyboard entered commands.
The TLM computer, operating per the test software entered in the mass memory
(magnetic disk or tapes) controls the automatic test routines réquired to
functionally verify and evaluate the OTV systems. These test routines may be
changed on-orbit by the crew entering new or revised software into memory.
Permanent records of the test results may be recorded on the printer/plotter
and/or the data storage unit. In addition to command and monitor capability
of the OTV via the serial-digital data link described above, the crew also
interfaces with the 0TV systems through hardwires terminated at the control and
monitor panel. These provide a permanent control and monitoring capability of
functions critical to systems operation and crew safety.

Size estimates of the QTV test/launch support equipment are shown in
Figure 2.7.11-6. Based on these estimates approximately five racks of equip-
ment are required or one short module. :

Table 2.7.11-1 itemizes the TLM/OTV checkout operations for each of the
operational configurations. Due to the limited crew size, test complexities
and limited available resources, the tests are automated as much as possible.
In general, the tests consist of exercising one or more of the OTV'systems per

 a program resident in the LTM computer and comparing the resultant data with

predetermined 1imits, also in the computer. Audible and visible indicators
alert the crew to unsatisfactory results and may result in termination of the
program depending on the nature of the failure.

Figure 2.7.11-7 illustrates a typical OTV return sequence. In this example, a
teleoperator maneuvering system (TMS) is used to retrieve the OTV. It is also
possible to dock the OTV using cold gas jets located on the 0TV for maneuvering.
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Figure 2.7.11-6
SIZE ESTIMATES OF OTV LAUNCH/TEST veors

MODULE EQUIPMENT
W x H x D(n)

Interface Unit 20 x 20 x 40
Printer/Plotter 20 x 30 x 20
CRT/Keyboard 20 x 20 x 30 Vertical Izack Avzllabla in
Computer 20 x 20 x 40 Module = 650 In.
Mass Mamory 20 x 20 x 490
Power Switch. Unit 20x 10 x 20  herefore, OTV

Equipment Requires
Control & Monitor Panel 20 x 30 x 10

Approximately 5 Racks
Data Storage Unit 20 x 40 x 30

or One Side of Short
Resupply Unit 20 x 20 x 30 Module
Telemetry Unit 20 x 20 x 30
Rendezvous Radar Unit 20 x 20 x 40
Total Height of 20 In. Racks Reqd = 240 In.

+60 Contingency
300 In.
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Table 2.7.11-1

(" PLATFORM/OTV CHECKOUT OPERATIONS
’ VFO729

; Postmate Checks of OTV With Launch/Test Module (LTM)

® Load Launch Test Module With Test Software

® Apply Test Power to OTV From Test Module

® Verify Communication Between OTV and LTM Computers (Auto Test)

® Limit Check OTV Instrumentation {Auto Test)

® Functional Test/Calibration of Guidance and Navigation System (Auto Test) -
Control System Verification (Auto Test) . '

Propulsion System Checks

RF System Checks (Manual Test)

Power Transfer Check (fManual Test)

Ordnance Systems Check (Manual Test)

Simulated Launch Sequence Test (Auto-Manual Test)

b b
R e §

B4

SO R IR LI SLINT R éﬁ

Static Health Checks

& Minimum Power and System Operation

® Limit Checks By LTM Computer to Verify
— Sate/Arm Status "

— k — Environmentat Status

T ' — Power System Status

Vb

s

4

:

Prelaunch Checks

"; ® Limit Check of OTV Instrumentation (Auto Test)
-+ ¢ Functional Test/Calib of GN&C System (Auto Test)
- ¢ Open-Loop RF Checks

& ® Simulated Launch Sequence Test (Auto/Manuat)
s ® Transfer OTV To Internal Power

8 ® Launch Sequence

L, Post Launch

3 ® Maintain Communication Via Link

2 ® Verify All Systems Normal Via Limit Check (Auto)
E ® Verify Normal Engine Start Sequence

= ® Monitor OTV Performance During Mission

¥ ® Record Data For Postmission Analysis

Predocking Checks

® Verify OTV Safe To Dock Via Auto Limit Check
® Monitor OTV Docking Sequence

Postdocking Checks
® Establish Hardiine Comm Link Between LTM and OTY

¢ Transter OTV To LTM Power
® Perform Functional Postmate Checks
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I thure 2.7.11-7 .
OTV-GPERﬂIlﬁN SCENARIO (RETURN SEQUERCE) (;
o SNSRI o TM3PLACESOTVIN _ VFOR ’
RANGE OF MANIPULATOR
® e ® o MANIPULATOR PLACES OTV
Lo ON LAUNCH STRUCTURE
otV
g, \ Ve

10 PLATFOM\‘% /

TMS CRADLE
ASSEMBLY

OTV WITH LAUNCH
SYSTEM STOWED

1
7

The TMS is used to position the OTV within the range of the manipulator system
which does the final docking of the OTV to the platform. Before the OTV is
retrieved, a full system shutdown and checkout of the OTV is made to verify
that all hazardous systems are safe. A primary concern is the propellant
containment and the propellant feed to the engines. Therefore, system
redundancy and adequate instrumentation is required on the OTV to assure a
safe OTV.

The next phase of OTV operation is the resupply of the OTV for its next
mission., Figure 2.7.11-8 lists the options that are available for resupply,
propeliant transfer umbilical and propellant transfer method. The selection
of a preferred method requires additional trade studies and engineering data
from on-orbit subscale and full scale testing described earlier.

A typical propellant resupply sequence is illustrated in Figure 2.7.11-9. In
this OTV operating scenario, the Space Shuttle transport the resupply
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OTV RESUPPLY CONSIDERATIONS

{Resupply Options} [Propaitant Transter)
o Tanker Stays in Orbiter EVA Heokup ® Transfer Tochniqus Depends on Type of

VFO738

Transter Lines-Pressure Transfer Fuel Selscted _
/ o Tenkor Removed and Berthed to o Cryogaenic Fuol Will Require Special p
Pigttorm-Pressure Transfar Through Passive Screcn Davicas to Accomplish -
Favored  Berthing interface Transfor
® Interchange OTVs e Energy Adaition, Dapreseurization, and
Positive Expulsion Are Primery Transfer

{Transter umbliical | Considoerations

e OTV Design Same As Used 'n Orbiter | Propoliant Type

For Ground Loading e Cryogen

o Tanker Location To Minimize Line — Large Residual May Be Required
Lengths -— g:mdown Loszos
ide of Intert — Settling Force (lay Ba Required
* g::,fv'l.d Tanker Side of Intorface — Losses Bue to Extendad On-Orbit
e Active Portion Built Into Platform Storage
Design e Storable

— MMH/H,0,, ETC.

- Transterable With Minimal Losses

— State-of-the-Art Expulsion
Technique

Problem Areas

o Propeliant Selaction

o Transfer System

o System Welght

o On-Orbit Handilng of Large Stages

Figure 2.7.11-9
‘OTV OPERATING SCENARIO (PROPELLANT RESUPPLY SEQUENCE)

vFor28 : ® PROPELLANT TANK REFOVED
FROM ORBITER AND BERTHED
TO PLATFORM BEAM
® RESUPPLY TANK PRESSURIZED
.e. ANDPROPELLANT TRANSFERRED
L-) THROUGH BERTHING PORT TO OTV

RESUPPL
PROPELLANT
TANK

® OTV PLACED ON PLATFORM
BERTHING BEAM IN LAUNCH
POSITION

¢ ORBITER BERTH TO PLATFORM

IN A POSITION TO PERMIT &
PLATFORM MANIPULATOR TO it AN ® EMPTY RESUPPLY TANK
REMOVE PROPELLANT TANK ANK g5 RETURNED TO OBITER
RN L ® OTV PLACED IN STOWED
N, SO POSITION USING PLAT-
PR FORM MANIPULATOR
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propellant tank to the platform as required. A possible alternative is to
transport and dock the resupply propellant tank to the platform so that the
Space Shuttle is free to perform other missions. The resupply propellant tank
is removed from the Shuttle and docked to the OTV launch support system for
propellant transfer. This technique minimizes propellant transfer line lengths
and the problems associated with transfer line chilldown. After the resupply
is completed, the empty resupply tank is returned to the Space Shuttle and the
0TV is ready for its next mission.

2.7.12 Spacecraft Servicing

In general, the primary justifications for on-orbit serviceability of space-
craft is derived from the extension of spacecraft 1ife (repair of failed
components), payload resupply or changes and spacecraft modification. Further,
the repairability policy can be extended to include a preventive maintenance
program via periodic on-orbit servicing.

Requirements for on-orbit serviceability can also arise from objectives not
associated with the repair or prevention of failures. Periodic recovery of a
spacecraft can be of great benefit to the payload program. Figure 2.7.12-1
describes the frequency of revisits which might be expected from requirements
to update a primary optical sensor package, such as the type on a space
telescope for example. In addition, other desirable changes which involve the
qualification of new sensors, improvement of support subsystem components and
mission modifications can also be implemented by recurrent servicing.

Figure 2.7.12-2 illustrates the prospect of a space telescope spacecraft which
has been acquired and brought to the manned platform for servicing by a
teleoperator maneuvering system.

The hardware changes planned for the servicing of (1) optic-based sensor
payloads and (2) a highly-complex vehicle such as the space telescope will
require considerable involvement of the crew on orbit supported by the Payload
Operations Control Center. Calibration of several optical sensors and support
elements could require considerable crew time which is of course the capa-
bility available on the manned platform. However, the operational impact of
acquiring and bringing the spacecraft to be serviced to the manned platform is
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DUAL OBJECTIVES FOR vioun
ON-ORBIT SERVICING OF SPACECRAFT

Spacecraft

Unplanned Contingency Repairs and Adjustment
Planned Proventive Maintenance

Payload (Example: Large Optical Sensor)

Recurrence

Experiment Change Hardware Changes Required

Spectral Resolution of ~ New Filters Once Every Two Yeers
Optical Channels -~ Processing Electronics

- Amplifiers
Change Spectral Fre- - Changa Entirs Optical Once Per Yoar
quencies of Opticat Chains
Channels
Change Number of - Add Optical Chains Once Every Two Years
Optical Channels - Add Detectors :

- Add processing Electronics

- Modity Qutput Data Formats
Improve Sensitivity of *_ Replace Detectors Twice/Vehicls Life
Measurements *_ Add Supplementary Cooling

Capability
- Modify Detector Electronics
~ Modity Data Formats
*Could Be One or Both

Figure 2.7.12-2
SERVICING RETRIEVABLE SPACECRAFT Ve

SPACE
TELESCOPE
POSITIONED

ADAPTER/MANIPULATOR w L
CONTROL jh ims

MANIPULATOR
SYSTEM

TELEOPERATOR -
MANEUVERING
SYSTEM (TMS)

{55 y PAYLOAD
W BERTHING
o PORT
PAYLOAD OPERATIONS ()

BEAM

99



grossly estimated to be less than that of even 20% of a Shuttle flight
(eauivalent to payload servicing unit mounted in cargo bay) assuming reason-

able co-manifesting of a Shuttle cargo load. However, the spacecraft to be
serviced must of course be in an orbit location that is favorable to acquisi-
tion by a TMS based on a manned platform.

In basic fact, the primary justification for on-orbit servicing of spacecraft
is increased cost effectivity and utility of the spacecraft. The servicing
can be repair of failed elements, preventive maintenance to minimize failures,
and/or modifications to change or improve features of the spacecraft.
Considering these general approaches, on-orbit servicing can provide signifi-
cant increase in the cost effectivity of the entire national space program.
Future spacecraft specifically designed for on-orbit servicing capability will
benefit the most, while earlier spacecraft Qi]l have to be evaluated
individually to determine the feasibility and practicality of on-orbit
servicing.

2.8 SYSTEM DESIGN GUIDELINES AND CRITERIA

Appendix C contains a 56-page compilation of detailed system design guidelines
and criteria that were developed by MDAC over 20 years of contracts for NASA
on studies and hardware (Skylab) of long-duration low earth orbit manned
systems.

These were used as basic manned system requirements for the conceptual work in
this study. They were compiled specifically for this study and were submitted
to NASA/MSFC for review in August 1981 and revised in Hovember 1981, based on
NASA comments and in-house updates.

The information is divided into the following categories:
o Program General

Platform General

Interface Adapter/Airtock Module

Habitability Module

Logistics Module

Subsystems

Flight Support
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2.9 MISSION ANALYSIS

The Mission Analysis effort included orbit selection and performance analyses
of the Orbiter- MSP combination.

The orbit selection factors considered are shown in Figure 2.9-1. The primary
influencing factors for inclination selection were mission requirement and
payload capability; for altitude selection Orbiter payload capability and
orbit decay. The initial orbit design selection envelope is shown in

Figure 2.9-2. Inclination from ETR includes the 28.5 to 57° range, from WTR
>70°. - Those payloads not requiring a particular inciination (sensing, coverage,
etc.) would probably be best accommodated at 28.5° because they could take
greatest advantage of the planned Orbiter traffic. Support of geosynchronous
bound missions would also be best accomplished from 28.5° because‘of the
traffic, maximum Orbiter capability and minimum LEQ to GEO velocity. Those
missions requiring earth coverage or solar observation time would benefit from
increased orbit inclination. A 50° orbit would allow coverage of the conti-
nental U.S., a 90° global coverage. Long term global coverage is reduced with

Figure 2.9-1
ORBIT SELECTION FACTCRS

VEKSH6N

Mission Requirements
Payload Capability
Orbit Mechanics

Reboost Requirements/Capability

Lifetime/Contingency

Environment
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Figure 2.9-2
MISSION ACCOMMODATION/DESIGN ™™

ORBIT ENVELOPE
Radistion Dose Lim#t
AV APSLTIIN I IIS IR ////’///4/’/’ <L L/A
400 ' 7

Z,

L,

\

= % l—Sun Synchronous
J %
Vs (e LY 4
et Vs ¥ oz
Problom Zone
1005 % ) %0 720

Orbit Inclination (Dsg)

increasing inclination from a maximum at 28.5° to about 73% at 57° and 50% at
90° for altitudes commensurate with integral Orbiter OMS capability. Since
the 57° capability of 40,000 1b from Figure 2.9-3 is adequate for the intended

MSP launches a 57° orbit was selected since it would provide the desired
coverage for Science and Applications Missions such as solar-terrestrial. As
mission requirements mature in definition and funding other selections would
be made. For example, 28.5° to serve the GEQ bound missions and 90° for earth
coverage mission. In any case the design of MSP for an ETR launch (28.5° to
57°) would not be effected. A polar mission configuration would tend to be
reduced in size because of the reduc2d Orbiter payload and the more dedicated
nature of the mission. '

The altitude selection was based on net Orbiter performance and orbit lifetime.

Figure 2.9-4 shows the Orbiter delivery capability as a function of altitude.
The performance is relatively flat till 20+ nm and is then reduced by about
1000 1b/nm as the altitude increased beyond 200 nm. Sirce reboost propellant
needed to negate the effects of aerodynamic drag is reduced with increasing
altitude there is a maximum net payload capability altitude as shown in
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Fiqure 2.9-3

SHUTTLE PAYLOAD DELIVERED

VI KSB5N
REVISIT GISSION
Reference: OV-103
KSC taunch
70 ¢ Four-Men/9-Day Loading
I o Full EPS Tanks
integral o Full Water
60 <" oms o Full RCS
| ® Rendezvous Required
50 ‘\28.5° - — 45-Ips OMS Rendezvous
~4 ,First OMS and Navigation Budget
40 ™~ «lt Added JI i
57°
,kh,, ) e | second oms __|
30 TN ‘\@ Kit Added
@ T4 \\\\\ 4T Third OMs
\ _ Thir
Kit Added
10 \ (I —-\< :
! \ \\ \
ol L 1A 1 N1 | AN \
100 200 300 400 500 600
Circular Orbit Altitude (nmi)
Fiqure 2.9-4
ORBITER PAYLOAD CAPABILITY v
POST 19284 ERA
[o g
N\
|- Reboost Requirement
- Annual
[ ~ 50,000-Lb System
30 =~ Solar Max Year __-103 Cepabliity
- — Rendezvous biission
20| - Integral OMS
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Figure 2.9-4. For the conditions shown for solar maximum activity and a
one-year resupply increment the optimum altitude is about 200 nm. Also note
that the net payload change with altitude is quite flat. This condition also
hold§ for other conditions of orbit inclination, solar activity, vehicle mass
and resupply frequency.

The orbit lifetime of the MSP is maintained by periodically reboosting as

" needed. Figure 2.9-5 shows the altitude decay over a 30-day period for various

solar conditions and as a function of initial altitude. A more frequent
reboost cycle would reduce the altitude excursion as needed. Consideration of
the.orbit lifetime in the event of the resuprly vehicle (Orbiter) being
incapacitated for some reason is important. The Skylab experience would like
to be avoided if possible. In the event of forced abandonment, the MSP
could be boosted about 50 nm in altitude by the onboard system assuming it was
at capacity. From an initial 210 nm altitude this would allow a 30-day decay
of less than 4 nm or a l1ifetime in excess c¢f 8 months for a solar maximum
condition and several years for a lesser solar activity (11-year cycle). Thus

Figure 2.9-5

ALTITUDE DECAY/REBOOST CAPABILITY waw
50,000 LB  MSP

30 -
=
Full Reboost Capabllity >
20 |- \\
30-Day i
Altitude - S Sotar Max
Decay — \
(nmi) - DN
10 : Nominal \\ -
» ~
- S—
Solar Min =
- —
0 i B s e Y P
200 210 220 230 240 250 260

Orbit Altitude (nmi)
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a suggested orbit altitude of 215 nm was selected for study purposes. A
final determination based on refined calculation of specific mission require-
ments (overfly, orbit repeats, resolution, etc.) and actual orbit contin-
gencies that'need to be considered.

The MSP mission will involve co-orbiting elements for purposes of extending
the measurement baselines, presenting controlled targets for testing and
periodic revisits for vesupply or maintenance. The capability of the tele-
operator maneuvering system from an orbiting MSP is shown in Figure 2.9-6.
For example, the TMS can deliver a 10,000 1b payload to an altitude greater
than 500 nm beyond the SAMSP orbit. Similarly the vetrieval capability is
large, for example, even a space telescope could be retrieved from its 320 mm
orbit if need be.

The relative trajectory of potential co-orbiting elements is shown in
Figure 2.9-7. As seen, the trajectory is dependent on initial deployment,
relative drag (ballistic coefficient) and amount of periodic reboost applied.

Fiqure 2.9-6 vININ

TS CAPABILITY ENVELCPE

Oeltvery Payload Rolrieval Payload
{Lb) 4

80,000 §0,009

10,620 10,000 |-

1.000 Step 1,000
2

A S 100
0 800 1000 1500

Altitude Changs (nm)
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Figure 2.9-7

FORMATION FLYING v
I g, "

o Coplanar, Variable Altitude Ditferential o Density Regime

o Co-Altitude, Out of Plane " o Orbit-Keeping Frequency
® Coplanar, Fixed Relative Position = of MsSP
g « Contaminstion
+1 o Collislon Potential
\ a Deployment o ng
/ [\_,§ e AV Requirement
T 30 20 10
] Distance (nmi)
Period
28 Hr
-~ -1 39 Hr
Station-Keeping Iimpulses 48 Hr

-2

In any case the relative trajectory is far ahead and behind the SAMSP compared
to its above/below excursions--on a ratio of about 60:1. This would influence
the tracking, TM, pointing requirements placed on MSP.

The potential advent of a later more capable launch vehicle such as a Shuttle-
derived vehicle (SDV) was considered. The payload would increase from the
65,000 1b class to the 146,000 1b class as shown in Fiqure 2.9-8. The
volumetric envelope would be dramatically increased as shown. The major effect
would be that an SDV-launched MSP would be configured to take advantage of
the large diameters. Most of the el=ments would be reconfigured.

The analysis effort has resulted in the MSP summary requirements as shown in
Figure 2.9-9. An IOC date of 1990 would be compatible with the growing
demands of both Orbiter and Orbiter-Spacelab missions. The orbit selections
made would be initial placement at 57° with follow-on activity at 28.5° and 90°
as warranted by planned and budgeted mission payloads. Altitude sclection
would be in the range of 215 nm for ETR missions (23.5° to 57°) and under 200
nm for 90° missions.
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Figure 2.9-9
MSP SUMMARY REQUIREMENTS

VFM2200N

m I0C — 1990

m Orbit Roquirements

* Inclination — 57 Dag - 28.5 Deg - Polar
¢ Altitudo — (200-400) 215 Nominal

a Evolving Capabllity

_ 1989 1990 1992
4 * Crew 2-3 3-4 5-6
* Pallots 2 3 5

¢ Modules 1-2 3-4 5-6
= Simultaneous Muiltiple Orientation — Solar, Earth, Low g
m Logistics Compatibility — Orbiter, TMS, Stages, Logistics
Vehicle _
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Crew activity analysis has revealed that a two-man capability would be adequate
for system activation with four men needed as a science and applications
program would begin. The four men are needed to provide the skill mix, man-
hour per day and two-shift operations that are required. Growth to additional
crew would be needed as operational missions such as OTV support were added.

Simultaneous multiple viewing is needed from the outset to satisfy solar-
terrestrial observations.
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Section 3
CONCEPT IDENTIFICATION (TASK B.2)

Based on the requirements for payloads and interfacing systems plus the needs
of man for sustenance and effective activity in space, the effort described
in this section developed a number of basic concepts for a manned platform.
Then an evaluation was made of the prospective features, benefits and
constraints of each candidate concept, narrowing down to two for detailed
system analysis and definition in the subsequent section (Section 4).

Figure 3-1 1illustrates the intermediary nature of this subtask in this
Phase A-type study. Here preliminary assessments were made of the potential
advantages and disadvantages of using existing or advanced technology.
Configuration, subsystems and operations specialists previewed options within
their respective areas and then supported the identification of integrated
concepts of merit.

A conceptual building-block approach was used to create concepts which ful-
filled basic needs as well as progressively more ambitious payload and mission
objectives.

By contract direction the Space Platform (Power System) was used as a packaged
source for power, thermal control, communications and data management,
attitude control and reboost propulsion. This unitized provision of such

key resources was quite beneficial, as in the unmanned platform (SASP) con-
figuration, because it could be conveniently installed on one end of the
configuration to avoid interference with the many functions required for
payload viewing, servicing, launching, retrieval and exchange operations.

3.1 CANDIDATE CONCEPTS

In order to shape and bound the activities in prospect for the manned plat-
form, a profile of the complete spectrum of activities had to be defined.
This included not only a great variety of interior and exterior payload
operations but also the crew habitation and operations support functions, as
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Figure 3-1

TASK B — MANNED PLATFORM CONCEPT

8.3 System Anaslysis
and Definition

¢ System

¢ Vehicles

e Subgystems
* interfaces

=
|
|

B.1 Requirements

|
P, ]5—'{"'-r- ‘J\\\\_////57
: A::;g?:r : 8.4 Comparison
L —J

of Concepts

B.2 Concept ldentification
¢ Existing Technology

* Advancead Technolog%
s

DN\

B.5 Programmatics

NN

well as the initial activation and periodic Shuttle-based logistics visit
functions that created significant interface considerations. Also, in view
of a given reference Space Platform, specific interfaces and operating '
relationships were prescribed. Exterior operations would be substantial in
number and would grow more complex through the years, which created signifi-
cant forcing functions as to congregation or dispersal of functions and
constraints on the size, shape and performances of vehicle elements involved
or effected. Figure 3.1-1 lists the broad spectrum of activities which are
inherent in the type of payloads in prospect and the type of platform required
to fulfill such needs, the crew and interfacing accessories and systems.
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Figure 3.1-1

MANNED PLATFORM ACTIVITY SPECTRUM

& Paylosd Operations 8 Attached Peyiocd Operstions
Lite Science Solar-Terrestrial instruments
Msterial Processing Applications Oceanogrephic instruments
Technology (Habitation Envicomental Large Space Systems
Controis, Etc) o Development of:

— Technology (Prototypes,

8 Control Center(a) for: Mormanco‘ t2easurement)
interior Cperations — Operaiions (Assombly, Alignment
Exterior Operations EVA) o
Exterior Paylosds — Assombly Accessories

Geo-Vehicle Buildup/Slowage/Launch

® Habdltation raft 09

® Maintenance/Loglstics ® Attached/Detached Payioad Operations

® Teattic (Dally Routine and Logpistics) (Tendac/ (sthered/Tolaoperatored)

Haterial-Processing
Expariments/Production

Free Flyers for Environmentat
Monttoring, Rendezvous Tecting,

Tow/Dock Services snd Low-G Payloade
8 Pistiorm Sustaining Resource Instailations
@ Space Platiorm intcriece
® Shutlle interaction Operations

In order to develop a concept which effectively fulfills-not only basic needs,
but programmatic econories and growth goals as well, the various functions of
the manned platform were congregated into modules, as shown in Figure 3.1-2.
From past experience on Skylab and many NASA Space Station studies, much has
been learned about the separate but complementary nature of certain congre-
gated functions. In particular, basic subsystem functions, central buildup
functions, habitation functions, logistics functions and payload functions
are best modularized into separate entities for many reasons such as:
packaging volume limits of the Shuttle cargo bay, RMS loading constraints,
activity isolatior, contingency retreat requirements, early-low-cost-minimal
capability goals, payload exchange and mission scope growth plans, etc.

Since the size of the crew will most likely grow gradually from an early R&D
activity level to eventual major operational activities, the habitats should
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Figure 3.1-2

REQUIREMENTS FULFILLMENT
CONGREGATION veRom
(HIGH-MODULARITY CONCEPT)
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. TMERMAL RAD!AYION

o ATTITUDE CONTROL

o ALTITUDE REBCOST

o EXTERIOR PAYLOAD
INSTALLATIONS

o EXPANDED
CREW ACCOMODATIONS HABITAT HODULE
suasvmus AND CONTROL CENTER
tonce PLAtFonm ® EXPANDED EXTERIOR EXTERION GPERATION
PAYLOAD INSTALLATION § \ 1200ULE
o EXPANDED INTERIOR DEDICATED PREESURE
PAYLOAD INSTALLATION ] \ PAYLOAD pODU
CENTRAL VA IHSYAI.LED
o UTILITIES DISTRIBUTION suwom' AND o SUBSYSTEM UPGRADES } m
o LIFE SUSTENANCE SUILDUP uoouu SUBSYSTEM

@ BASIC CREN (2) } (] LOGlSTICSDAmENT ; GHUTTLE (53 DAY CYCL:D

[} CENTRAL BUILDUP
PORTS & P,

(90 DAYS)
ACCOMODATIONS - PLANNE
- EXPENDABLE
® MINICONTROL cREW uooute UNPLANNED LAUNCH VEHICLE

CENTER
o SAFE HAVEN

o EMERGENCY STATION REENTRY CAPSULE
ABONDONMENT

o EXTENOED REACH } ( PLATFORM BOUNTED )
INTERIOR AOCESS LOADING REMOTE MANIPULATOR
LOGISYICS

MOOULE

o LOGISTICS
~ CREW SUPPLIES
~ PAYLOADS
—PAYLOAD SUPPLIES
~ MANNED PLATFORM
AND SPACE FLATFORM
SPACES

be small (two- to three-man) in size and replicated for growth. Payload
modules, incorporating different dedicated payloads or shared mixes of pay-
loads. should also be sized so as to permit great flexibility, i.e., probably
the smaller the better.

Goals of upgrading subsystems through the years indicates the need for modular-
ization at a "black box" level. The great increase in scope of exterior
operations indicates modularity of increasing size to suit larger payload
assembly and OTV and related propellant storage, payload assembly and launch-
ing. A1l of which indicate numerous berth.or docking port requirements,
multiple remote manipulators and above all, an effective plan for growth.

The study plan called for two basic modes of operation, namely Shuttle-tended
and Free-Flyer. Figure 3.1-3 illustrates the vehicle options of escalating
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. CANDIDATE Ve
CONFIGURATION BUILD UP CONCEPTS
Vehicle Options
Shuttie-Tended Free-Flyer

Elements A B c D E F
Crow Slze 2 3 2 3 4 [
Recycle Time (Days) 720 | 720 80-120 | 20-120 | 180 | 1€0
Spacelad Segments 2 3 2 3 4 (.1
Interior P/L Racks 16 | 24 10 18 16 24
Exterior P/L Instaltations - 1 3 4 5 [
¢ Assy/Deploy - 1) 1)) {1 m|e
e Struct Control - - (1 (1 m |
* SIC Sarv - - (U] ) 4] @
¢ Subsat - - - 4} Mmim
e Geo-Staging - - - - M| @
Growth Scenarlo Options - > .

capability, interior and exterior payload installations, mission support cate-
gories and logical growth step options. This chart was used as a skeleton on
whith to build tha design envelopes for the various modules seen to be needed
for the initial and growth roles of the system.

~Note that the initial crew size affects not only initial module sizing but

also the potential and logical escalation step sizes. Therefore, it is
extremely important to develop a plan for the crew size progression. In
general, the plan which developed in this study, reflected an intent to
establish a basic manned presence in space and to very gradually increase
same. This plan was based on a philosophy which pervaded all study partici-
pants in NASA and MDAC, namely start small, and be flexible for growth even
to large scope activities. This philosophy most likely was born not only of
the general concern over available budgets in the time period of interest
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(1ate 80s), but also of the relatively selective nature of the early candidate
payloads plus the sketchy nature and timing forecasts for the large scale
operations such as large structure assembly and OTV basing.

As a sequel to congregating functions and assigning them to categorical modules,
the elemental grouping of modules was mapped as shown in Figure 3.1-4. Reflected
here are those constituents needed for a basic manned capability, an expansion

thereof and major growth additions.

Inherent in this modular map, therefore,

are the berthing and subsystem interface functions created by the location and

role of each module.
ing concepts will be based.

Here then, we have the basic framework on which the evolv-

Note that initial expansion is provided by adding

a habitat module and an interior payload module. This is fundamental since the
basic capability of the manned platform consists of long-term manned involvement
in pallets of instruments as well as unmanned modules (i.e., pharmaceutical

processing) mounted on the exterior of the vehicle.

These payloads are most

likely solar-terrestrial and MDAC electrophoresis pharmaceutical experiments
flown earlier in the sortie mode for seven days on the Shuttle. The expansion

Figure 3.1-4
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addition of interior payloads is thus considered second in sequence because
of the most probably dominant availability of exterior payloads in the early
years. Broader growth is shown via the addition of a.near replica (ideally)
of the original basic central module, additional interior payload modules
(now containing control centers for R&D testing or full-scale support opera-
tions for remote missions).

The size of the exterior payload module, envisioned as a beam of some sort
(length, number of berth and umbilical types) is now increased, modularly,
to handle larger size structures (reflectors, antennas), more vehicles such
as OTVs, propeliant storage facilities, payloads, etc.

Note that supplemental subsystem additions are schematically planned here for
the Space Platform via the addition of more solar panels, radiator elements,
batteries, CMGs, etc., to accommodate the greater resource needs of major
operations in the later years of the manned platform.

3.2 CONCEPT CHARACTERISTICS

The next step in developing a configuration consisted of geneival shaping of
the physical character of the modules mapped schematically in the preceding
study process. Here, as shown in Figure 3.2-1, the provisions planned are
divided into Basic and Growth categories. Payload accommodations are divided
into habitat-shared as well as dedicated-internal and palletized-external.

The payload (or habitat) module concept here began to take on the shape of

the maximum diameter cylinder stowable in the Shuttle cargo bay, namely around
14 feet, which brings into candidacy the Spacelab segmented modules for
consideration.

The Basic Central Module, which is shown to be a broad capability element of
the configuration containing a safe haven {and with it the bathroom), major
central docking ports and passageways and a mini-control center, not just for
the Space Platform and Central Module combination, but also for a few pallets
of experiments. Moreover, an airlock is considered to be a further necessary
accessory to provide in one (and the first) module a mini-manned space plat-
form capability, for interim periods, a few months that is, of residence,
probably comfortably for two and in emergencies for four.
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Figure 3.2-1
PLANNED CAPABILITIES veMison

[ PAYLOAD ACCOMMODATIONS ]

® HABITAT INTEGRAL
o PRESSURIZED MODULE
® PALLET IPRESSURIZED Mggzlﬁﬁl
. | ® HABITAT
£oa ® PAYLOAD
103 ~ SCIENCE OR APPLICATION
| A5 - OPERATIONS SUPPORT
(WORK SHACK)
) {BLOCKHOUSE)

BASIC CENTRAL MODULE

® SHUTTLE PORT

o SPACE PLATFORM PORT:
® TRAFFIC INTERCHANGE
e FOOD, STOWAGE AND WASTE MGT
& SUBSYSTEM EQUIPMENT

o SAFE HAVEN/MINI-TONTROLS

® ONE LOGISTICS PORT

@ THREE PAYLOAD PORTS

HATTTAT MODULE [exTERIOR OPERATIONS MODULE]
® ACCOMMODATIONS FOR CREW OF 3 —4LARGE STRUCTURE SETUP
® NOMINAL PAYLOAD ACCOMMODATIONS -~ GEO-MISSION STAGING
® AIRLOCK/ADAPTER PORTS ~ PALLET PAYLOADS
LOGISTICS MODULE - ~ TELEOPERATOR OFS
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o PAYLOAD STOWAGE
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The Habitat Module adds a better class of crew accommodations and a supple-
mental number of payload racks.

)

The Logistics Module is seen to provide pressurized and unpressurized stores
sections with the pressurized volume being in line for consideration as a.
maximum-diameter cargo bay unit, again conceivably a one- or two-segment
Spacelab or U.S. mode if all new.

For Growth, a modified (simpler) version of the Basic Central Module should
be possible; pressurized modules--like those used earlier--and a truss-like
beam (similar to SASP because of similar berthing and service provisions) fcr
the numerous and complex exterior mission operations anticipated.
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S Here then, the shape and fundamental character of each module is outlined
§ ( conceptually. Exactly what they are like remains for subsequent steps.
éf With certain physical shapes in mind, various buildup options were defined
& as shown in Figure 3.2-2. Here, because of an early (later diminished)
33 interest in a Shuttle-tended mode, coordinated buildup plans were developed

for that as an introductory mode to the solo free-flying mode.

Envisioning crews of two to four and modest numbers of fully interior experi-
ment buildups of one, two, three equivalent Spacelab segment modules were
devised. Again, if not Spacelab units, then U.S. versions, but still of
roughly the same dimensions because of modular freedom interests and relega-
tion of the same cargo bay length for the simultaneous delivery of exterior

(palletized) payloads.

Figure 3.2-2

EARLY SPACE STATION BUILDUP OPTIONS ,,.nn

APTERJAIRLOCK

® SPACE PLATFORM :ncuu MOOULES
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© AEG OR SHORT VERSION """'"

O WITH OR WITHOUY PALLETS
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8 G) {LONG
SHUTTLE.
2340}
TERDED f———e o
PLATFORM g
UNPRESSURIZED
80 1 $HORT) RESOOST MOOULE  LOGISTICS RACK
d . i 8 @
v O o
P LN} (LONS + 28HOAT)
MANNED -l ' Q
o
FREE-FLYING -
FREEFLYY J D O nomserona
’ e QD 6 vua
'
f (3 8 wecrmoan
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T ANY eEas)
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More specifically, as to the character of the first and probably most important
module, Figure 3.2-3 illustrates an open rack/center T-tunnel configuration
approach to the Adapter/Airlock or Basic Central Module. A fundamental, low
cost approach to supplying most basic needs. A similar approach is carried
out in the Logistics Module with features described for both.

Figure 3.2-3

VFKO8AN

ADAPTER/AIRLOCI AND LOGISTICS
RACK DESIGN CONSIDERATIONS

Adapter/Alriock Loglstics Rack

J ﬂ'd.
ALY 1
Factors
o Orblter Interfzces o Plattorm Resuppnly Cycles
o Plattorm interfaces Determines Voluma of
o EVA Activitles xpandables Required)
~— Plznned and Unplanned o Slze and Welght
— EVA Stay Time o Crevs Access to Suppiles
— No. of EVA Crewmen o Crow Safoty
¢ Use of Adspier as e Plattorm Interfaces
Emorq'gncr Sheiter o EVA Accoss Vs IVA Access
o Crow Tratlic Patterns

A syStems-leve] philosophy, developed at that time in the study, involved the
concept of (1) an initial mini-capability manned platform via a single unit
add-on to the Space Platform and (2) a safe haven/mini-control center, up
initially, and ever after remains as the primary entry point and contingency
retreat. Here then, more volumes and capabilities were called for compared
to the approach shown carlier in Figure 3.2-3. Thus, Figure 3.2-4 illustrates
the broader capability Basic Central Module. A higher capacity/volume Logis-
tics Module is also shown based on the concept that resupply water, interior-
type payloads and/or control units, food and possibly a field bunk-type crew
quarters could be installed for a one-person added capability without the
assembly of an entire new habitat to the confiquration; a reasonable thought
in a tight budget environment. '
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LARGE PRESSURE VOLUP».‘!E CONCZPT  wem
FOR ADAPTER/AIRLOCK AND LOGISTICS
MODULES !

Adastor/Alriock
Kodule

8 Fayr-Flow Croce-Prsssge

® Comtortable Safe Haven

o Kni-Control Conter

& Eink-Two (ian Staticn
(SALYUT 6)

a Multi-Dock Ports

& Shuttis Alrfock

[ Logistics t2odule

& Presaurizod end
Unpressurized Stowegs

® Auxitiery Paytosd
Cperations or Fieid-Type
Crew Quarters

u Convenient (VA Logistics

N Logistics Module

Therefore, an array of major elements were thus identified and grossly shaped
and outfitted. Then it was possible to outline a number of candidate approaches
as shown in Figure 3.2-5, including the important gradations in scale or scope
of ultra-low, low- and medium-cost start opticns. Basically, the approaches
coupled various types of central modules, habitats and logistics modules (the
types having been described), a variety of cost-to-start options 3nd some
special features applicable to the main options. Recall that the central

module options involved a rack/tunnel approach as well as one with greater
pressurized volume. Also, the logistics module options were similar, minimal
tunnel vs. significant pressurized volume. Recall further that habitats (and
payload modules) could be 1-, 2- or 3-segment Spacelabs or U.S. built equiva-
lents. The Exterior Payload Module (beam) was considered in any option to be

a SASP derivative because of the considerable commonality of services provided
and uses and, therefore, not added as an opiion, but as given. Three special
feature options were also introduced at this time, namely (1) lateral expansion;
i.e.. parallel rather than normal to the solar arvays to probe possible cluster
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Figure 3.2-5

CANDIDATE APPROACHES = "™
TO SVSTER EVOLUTION

25 kW Space Platiorm Plus:

@ = 3 Sagment (dodules = Aft Expansion
& Integral Havon Hebitat = Tunnel/Rack Adapter
® EVAlUmblilcal/Reck and Rocular Log!stics

@ ® 2 end 1 Segment Modules a AR Expansion
e Integral Haven/Adaptor a IVAlUmbliicatlModular Loglstics
& “Ultra-Low” Cost Start (2 Modutss, Shuttie-Tended)

@ s Same as @ Exeopt“ta'v" Cost Start (3 todules)

@ » Sama cs @ Exe;pi “fledium”™ Cost Start
(4 &fodules)

@ n Speclal Feature: Latesal Expansion

» Sgsclal Fealure:
Emoargancy Crew Ratum

@ 8 Special Foature:
Emergency
Unmanned
Logistics

advantages, (2) emergency crew return (same sort of reentry capsule), and (3)
an unmanned logistics vehicle (akin to the USSR Progress vehicle which supports
Salyut 6 frequently), but really conceived in the 1968 MDAC study for MSFC on
the S-1VB Space Station.

Here then, are the candidates from which two are to be chosen for detailed
study. General configurations of the assemblages represented in this array
of approaches are shown in Figures 3.2-6 and 3.2-7.

A matrix of the features and sequential-capability growth is shown in Figure
3.2-8 as a format aid in evaluating the merits of each approach.

3.3 COMPARISON CRITERIA

The comparison of major vehicle configurations (born of different assumptions
and approaches) as to effectiveness potential is a complex process involving
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Figure 3.2-8

CANDIDATE APPROACHES TO veRors
SYSTEM EVOLUTION

(kSELECTED For- DEMWED STVPY)

OPERATIONAL PHASE
FEATURES ULTRA- ANSION PHASE
SHUTTLE SASIC BASIC exp $
APPROACK FUNCTION IMITIAL NITIAL ' " "
HABITAT, ADO ADO
3 SEG MODULES/AFT EXP DELIVERY ADAPTER HABITAY ADD MAJOR
(D] INTEGRAL HAVENMABITAT AND & EXT GEO ato
TUNNEL RACK ADAPTER REVISIT LoGisnics | oes STAGING stILoup
| 2 _EVA/UMEILAOOUL LOGIST woouLes | moouLes | mooutes | mooutes
CENTRAL
28 1 SEQ MOOULES/AFY EXP| DELIVERY | MODULE ADD ADO
@ | mrecaaLnav PYER [rrping — O AND ADO A0O mraexy | ceo
IVA/USBILAMODUL LOGIST  geviat SPACE LOGISTICS | EXPANSION | PAVLOAD | sSTAGING
ULTRA-LOW COST START PLATFORM | MOOULE HABITAY MOOULES | MOOULES
CENTRAL
28 1 SEG MOOULES/AFT EXP OOULE ADO ADD
(@ | INTEGRAL HAVEN/ADAPTER | DELIVERY | AND 00 ADD wreexy | aro
IVA/UMSIL AIO0UL LOGIST SPACE LOGISTICS | EXPANSION | PAYLOAD | STAGNG
LOW COST START REVISIT PLATFORM | MOODULE HASITAT MODULES | MoDULES
ADO
28 1 SEG MODULES/AFT EXP CENTRAL, | ADD ADD HAIOR
(® ] INTEGRAL HAVEN/ADAPTER | DELIVERY toGistics | INTaEXT | GEO GEO
3 IVA/UMBILAOOUL LOGIST SHAMTAT | pavioao | sTacing SUILDLP
3 MEDIUM COST START REVISIT mooutes | mooures | moputes | mooutes
< ADD
4 € DELIVERY INTREXT | GEO GEO
3 c1®]| warerat & PAvLOAD | sTAGING BUILDUP
9 h EXPANSION REVISIT MopuLEs | moouLes | woouLes
t EMERG CREW AETURN DELIVERY | INTROOUCTION TIMING OPTIONAL :
< l EMERG UNMD LOG OEL/RET INTRODUCTION THING OPTIONAL
> !

objective and subjective reasoning. Since all of the configurations proposed
were based on reasonable and feasible approaches, and since they were being
evaluated in relatively gross form, some very basic criteria were applied for
a comparison. Moreover, it was deemed important to select two approaches that
represented a fair physical difference, so that a broadness-of-view would be
inherent in the judgment, as opposed to two similar approaches.

As a consequence of the above, the following criteria were established for
the comparative evaluation of the four basic and three accessory option
approaches defined in Figure 3.3-1:
o Development Cost/Unit Capability
e Low Cost Escalation Potential
e Flexibility
- Crew Activities

- Payload Operations
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- Large Payload Buildup
- Stage and Spacecraft Services
e Safety
These criteria were thus to be applied in the comparison as described in the
next section (3.4).

3.4 EVALUATION AND RECOMMENDATION

The results of evaluating the various concepts (in 1ight of the evaluation
criteria just defined in Section 3.3) are shown in Figure 3.4-1. In brief,
the evaluation narrows the field by (1) disposing of the special feature --
lateral expansion -~ because of the potential crowding of elements and related
operations; (2) adoption of the four-man, MDAC in-house concept of a low-cost
rescue vehicle special feature; (3) adoption of the MDAC in-house concept of
a Delta upper stage-based Skylab reboost vehicle for the unmanned logistics
vehicle special feature; (4) relegating the Shuttle-tended mode to the low-
probability situation wherein only internal payloads such as unmanned/manned
life science are available for the first step; and (5) relegating the "low-
cost start" also to a special situation case which should probably be inhcrent
as an option in any event, but certainly not an entity which is to be studied
as a major system example.

Thus, the considerations described above and the ratings given to each case
for the eight key evaluation criteria listed in Figure 3.4-1, combined to
result in the selection of Concepts #1 and #4 for detailed systems analysis
and definition in the subsequent task.

Figure 3.4-2 illustrates the configurations of Concepts #1 and #4 recommended
for further study. -

At a level lower than overall configuration conceptualization, various tech-
nology utilization options were also considered at this point in the study.
Figure 3.4-3 illustrates the matrix of considerations addressed, ranging from
existing, through near-term. to maximum advanced technology.
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Figure 3.4-1

CONCEPT EVALUATION Ve
(1-10 RATING; 10 IS BEST) (*SELECTIONS FOR TASK 3)

ST I T

EVALUATION GROWTH
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e
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: O] NTEGRAL HAVENMABITATY [ s 7 3 ) 7 7 [}
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3 @] INTEGRAL HAVEN/ADAPTER 7 0 [ H s . ] 7
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@ INTEGRAL HAVEN/ADAPTER ] ] 9 L] ] ] [ [}
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: f. EMERGENCY CREW RETURN [ N/A 0 NIA NIA N/A 10 []
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A A
& C

Figure 3.4-2

APPROACHES RECOMMEMDED FOR "™
DETAILED SYSTEM ANALYSIS (TASK 3}
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Figure 3.4-3

VFRC30
TECHNOLOGY UTILIZATION OPTIONS®
TECHNOLOGY USED
BAXINUMN EXISTING/ SAAXIURY
[exisTing TECHNOLOGY) EXISTING NEAR-TERM ADVARCED
© CONFIGURATION/STRUCTURES
~ SPACELAB (2 SEG) HABITAT/PAYLOAD MOOULE x
~ $7ACELAB {1 SEG) OEDIC PAYLOAD MODULE x X
~ SHUTTLE AIRLOCK/MHATCH x x x
@ SUBSYSTEMS
~ SPACELAB ECLSS, POWER & DATA MGT (F400) x SOME
= EHUTTLE ECLSS COMMUNICATIONS/DATA x x :
CREW SYSTEMS - X : SOME
N L3
[NEAR-TERM TECHNOLOGY)
@ SUBSYSTEMS
~ SPACE PLATFORM
- POWER DISTRIBUTION x
- THERMAL CONTROL DISTRIBUTION x
+ COMMAND/DATA MGT SOME
|ADVANCED TECNNOLOGVI
¢ CONFIGURATION/STRUCTURES
~ CENTRAL CREW/DOCK FAODULE x x x
— HABITAT/PAYLOAD MODULE x x
~PAYLOAD ODULE x
~THERMAL/RADIATION SHIELD x x x
—~DOCK/BERTH MECHANISM x x x
© SUBSYSTEMS
~ ENVIRONMENTAL CONTROL/LIFE SUPPORT x x
~POWER DISTRIBUTION x
~COMMAND/DATA MANAGEMENT (SOME) (SOME) x

® ASSUMES USE OF SPACE PLATFORM VEHICLE

Note that in any approach such items as the Shuttle airlock and hatches, ECLSS
and communications/data components would probably be used. The only near-term
technology choices would be from the forthcoming Space Platform development.

In the Advanced Techtiology, all optional approaches require an all new central
module, thermal radiation shields and docking/berthing mechanisms, the latter
being needed in considerable quantity regardless of approach.

In the communications/data area, there is also the high probability that the
explosive rature of developments would force the logic of using whatever the

latest technology is in the mid-80s in favor of the 1970s technology of the
Spacelab or even Shuttle,
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In summarizing this section, therefore, the objectives of creating and shaping
various concepts have been achieved, as has the narrowing of candidates for
selection of two for the next task in the study.
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Section 4
SYSTEMS ANALYSIS AND DEFIMITION (SUBTASK B.3)

The major activity in this subtask was to study in detail the two system
approaches selected in the prior subtask (B.2), namely approaches #1 and #4.
Such information was to be used to support a comparison of the two in the
next subtask (B.4) for the selection of one for recommendation.

Subsection 4.1 outlines the approach to the in-depth analysis, namely the
concept-formulation of each of the modules of the configuration followed by
system-integral considerations such as operations, maintenance and safety and
finishing with a detailed treatment of each subsystem and the interfaces
inherent therein. Subsection 4.2 develops approaches #1 and #4 in greater
detail and various configurations and sizing tradeoffs. Subsection 4.3 deals
with Ground and Flight Operations. Subsection 4.4 addresses Maintenance,
Reliability and Safety, and 4.5 covers the analysis of the subsystems. Finally,
Subsection 4.6 defines the interfaces from a subsystem perspective.

Figures 4-1 and 4-2 illustrate the task retationship within the study and sub-
task flow, respectively.

4.1 IN-DEPTH ANALYSIS (MODULAR PLAN)

The format for this analysis is based on the fact that both approaches (#1 and

#4) are made up of five basic elements, namely:
e Space Platform (12.5-and 25 kW)

Central Adapter Module

Habitat Module

Logistics Module

Exterior Payload Module

Since the Space Platform was specificd in the =tudy and since the interior
payloads are viewed primarily as cquipmient invtalled in a habitat, the study
focused primarily on modules tor Central/Adaption, Habitation, Logistics and

Exterior Payload operations.
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Figure 4-1
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4.2 MODULES/ELEMENTS FOR EVOLUTIONARY GROWTH
This subsection is arranged to first of al} give overviews of the basic charac-
teristics of the two approaches (#1 and #4) and Lhen to address the central
adapter, habitat (including crew sizing impact) and logistics module concepts

‘iq detail.

4.2.1 Overview of Approach #1
This approach begins with the configuration shown in Figure 4.2.1-1 and
incorporates the Space Platform as a utility resnurce. A minimum-capability
adapter was used and incorporated a tunnel, an airlock for EVA and a small
select amount of external stores. The adapter's wain passageway function was
to provide the pressurized access from Orbiter to Platform. However, two
payload ports were included for growth consideration. The habitat was a three-
segment Spacelab with accommodations for up to four crewmen.

The three-segment
was considered in order that a substantial amount of mission payload equipment

could be incorporated. The initial logistics <ystem was an unpressurized rack

Figure 4.2.1-1

VERLIN

BASIC MANNED PLATFORM
(APPRoACH®1)

I

. Airlock/Adapter
_ - Habitability/
Payload Modute

«---——Logistics
Rack

Orbiter

Palletized
Intertace

Exterior
Payloads
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configured to fit within the Orbiter cargo bay and contain high pressure con-
sumables, potable “20 and spares. Food and other crew-related items or specimens
requiring a controlled environment would be delivered in the Orbiter mid-deck
area. Access to the logistics rack was via EVA. Two palletized payloads are
berthed to the First Order Space Platform + axis payload arms.

Growth capabilities are primary factors in concept fonnulation. Growth alter-
natives for Approach (1) is shown in Figure 4.2.1-2 and is accomplished by the
addition of one or more of the basic Platform elements. Addition of a second
adapter offered the opportunity of adding a payload support beam and manipulator.
A considerable growth step can be accomplished with the addition of one three-
segment module berthed to the initial adapter. However, addition of other

Figure 4.2.1-2

VERWIN

ALTERNATIVE
GROWTH CONFIGURATIONS

(APPRORCH 1)
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types of units as shown on Figure 4.2.1-3 provides many options for growth, in
this case lateral. The philosophy here is to add modules in standard steps of
considerable volume each, as opposed to smaller volumes, i.e., one-segment or
two-segment modules, or some of cach. Configuration of the payload beam is
predicated on the mission elements required to satisfy the missicn objective.
Figure 4.2.1-4 identifies some of those elements such as a large, Space-

t o
fHhel

assembled payload and the OTV requived to place it on-orbit. Space assembly
suggests berthing requirements for palletized components within easy reach of
the manipulator system. As a result, the initial beam configuration incor-
porated folding and rotating elements is also shown in Fiqure 4.2.1-4, enabling

DAL

o

it to service 0TVs, satellites, large and small diameter antennas. A cursory

%‘ evaluation of an alternate lateral expansion arvangement showr in Fiqure 4.2.1-5
3 was made to determine if space assemhly of larae reflectors could Le accomp-
lished with the initial platform clements. HMeunting the beam on the adapter

+Y axis appeared feasible; however, the concep! appeared impractical from a
control standpoint and solar array shadowina. Fiqure 4.2.1-6 illustrates the

Figure 4.2.1-7
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Figure 4.2.1-4
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Figure 4.2.1-5
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Figure 4.72.1-6
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possibility of growth to a complex Space Center with multiples of the basic
three modules, shown here for the assembly of a geosynchronous platform and
later service as an 0TV staging base for periodic visits to such a platform.

4.2.2 Overview of Approach #4

The basic Approach #4 Platform shown in Figure 4.2.2-1 is sized for 90-day on-
orbit life with a 30-day contingency and assumes that the Power System and the
Electrophoresis Unit were launched together. The adapter and habitat are sized
for launch as one'payload. As a result, with two Orbiter launches, the Platform
is fully manned conducting pharmaceutical experiments. Extended duration

beyond 90 days is accomplished with addition ot a gas/liquid resupply pack as
shown in Figure 4.2.2-2. Also launched with the resupply pack would be a Life
Science Research Lab and a Life Science Specimon Holding Facility each berthed
to the Platform as shown. In addition to the simospheric supplies, other crew-
related expendables would be delivered in the rbiter mid-deck arca., The
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Figure 4.2.2-1 —

BASIC MANNED PLATFORM - )
(aPProACH])

Figure 4.2.2-2
MANNED PLATFORM WITH PAYLOAD MODULES (APPROACH #4)

&

GAS AND LHQUID (30-DAY)
RESUPPLY PACK
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position of the Hclding Facility was selected due to its functional relation-
(‘ ship to the Research Lab and the frequency of replacement. Figure 4.2.2-3
shows the addition of a crew rescue vehicle. Growth of the linear configura-
tion is accomplished with the addition of a modified Adapter Module. manipu-
| lator and payload assembly beam, as shown in Figure 4.2.2-4, integrated as a
; single unit and launched together. The Platform has thus the added capability
for spacecraft servicing and retrievability. payload assembly, OTV testing and
large experiment accommodations, as shown in Figure 4.2.2-5,

Fiqure 4.2.7-1
MANNED PLATFORM WITH RES(UL VEHICLE
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4.2.2.1-2, the platform is fully operational.
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f% Figure 4.2.2-4 ")
& MANNED PLATFORM GROWTH STEP NO.1 Y7
iy
'
3
AIRLOCK/ADAPTER 11
MAANIPULATOR COXTROL
21 SARIPLATOR
'. (RMS TYPE)
v
o \J
. Y
‘ -
. GIMBAL BAZIC
£ RIECHANISM PAYLOAQY
(D =m
ORBITER" H
INTERFACE l
PAYLOAD o
SEARTHING PORTS
i 4,2.2.1 Approach (1) With 180-Day Logistics
( The concept shown in Figure 4.2.2.1-1 is the basic linear platform configured
3 for a crew of three performing Life Science Experiments. Study results have
55 indicated a large percentage of crew-related expendables as well as experiment
ér specimens requiring a controlled environment during all phases of the mission.
gg Also, volume requirements indicate a need for a separate pressurized resupply
?? module. The concept shown combines the gas and liquid resupply pack with a
E one-segment Spacelab. Use of the Spacelab segment provides enough volume to
g; allow 180 days of expendables to be stored and used from or transferred to
?E platforms at crew discretion. With addition of payloads shown in Figure
|
i

T
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? Servicing Retrievabie OTV Technology Teating
Spacecraft
Figure 4.2.2-5. HAHNED PLATFORM OPLRATIOHAL GROVTE OPTIONS
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_ Figure 4.2.2.1-1
BAANNED PLATFORRI — 180 DAY LOGISTICS

Module

Figure 4.2.2.1-2
EARLY MANNED PLATFORM
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4.2.2.2 Initial Shuttle-Tended Option
This concept can be operated initially on-orbit in a Shuttle-tended or sortie-
like mode. Berthing of the airlock-adapter module to the Power System, shown
in Figure 4.2.2.2-1, provides the capability of performing selected experi-
ments in a shirtsleeve environment.

The configuration shown incorporates a Life Science Research Facility which
could be launched in the cargo bay as a non-deployable payload and used on-orbit
for research during the short orbit stay time. then returned to earth for
further study. The specimens would remain on-orbit until revisited by the
Orbiter. With this configuration, man can be added on a permanent basis as the
program or mission requirements dictate. Detailed efforts on this option were
not pursued further in the study (after midterm) by agreement with MSFC because
of the higher interest in the autonomous. lonqg-term manned mode.

Figure 4.2.2.2-1
SHUTTLE-TENDED CONFIGURATION V™™

ELECTROPHORESIS
UNtT

LIFE SCIENCE
SPECIMEN HOLDING
FACILATY

o= AIRLOCK/ADAPTER

ORBITER
_—" BentiinG

LIFE SCIENCE
RESEARCH
FACILITY
(OPTIONAL)
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- 4.2.3 Concept Development of Modules -
2 Since stizing and configuration of the various modules depended on the allocation (L ,)

. of functions to be performed by each element, each element was assigned sub-
system functions to be incorporated within that element, as shown on Figure

o ﬁi; 4.2.3-1 and related intertaces on Figure 4.2.3-2. From this 1ist, subsystem
% interfaces, between elements, were identified and subsystem schematics identi-
~ FEi fied hardware components that would be required in each module. The next task
%i was to define the physical characteristics of each module or element each with-

in delivery. assembly and operations parameters. Figure 4,2.3-3 summarizes
and Figure 4.2.3-4 depicts the variety of options studied.

Figure 4.2.3-1

z ALLCCATION OF SUBSYSTEM FUNCTIONS

* [AIRLOCK/ADARTER) [HABITABILITY/PAVLOAD EODULE]

NP Setatpiiiind

® STRUCTURERAECHANICAL @ STRUCTURE/SECHANICAL © STRUCTURE/MECHAMICAL
= PAYLOAD INTERFACE STRUCTURE(S)  — ORBITER EERTHING/DOCKING ~ INTERFACE MECHANIZM = 1
~ PAYLOAD INTERFACE MECHANISN(S)  INTERFACE (PASSIVE) ACTIVE AND 1 PASSIVE
(ACTIVE) (3 PLACES) - PORER SYSTEAVDERTHING - PRIMARY PRESSURE SHELL )
~ ORBITEN BERTHING MECHANISM INTERFACE (PASSIVE) ~ METENOID SHIELDING AND '
(UMMANNED SORTIE MODE) — PRESZURIZED VOLUME FOR THERMAL BLANKET A
SECONDARY BHELTER ~ INTERNAL SECORDARY
® ELECTRICAL POVER SYS (£#3) - PAYLOAD BERTHING POATS (ACTIVE) SUPPORTS
A sounce ~ BECONDARY EUPFORT STRUCTURE o RACKS & OVERHEAD
- Pos ~ PRESSURIZED VOLUNKE FOR EVA STRUCTURE
~ BATTERIES, CHARGERS, AND {AIRLOCK) o FLOOA
REGULATION — EYERGENCY VENT SYSTEM ~ OPTIC WINDOW & VIEW-
~ PORER DISTRIBUTION AND CONTROL  _ RESTRAINTS AND LOCOMOTIVE PORTIS)
AIDS
© THERMAL CONTROL SV8 (TCS) @ ELECTRICAL POWER SVSTEM ® ELECTRICAL POWER SYSTEM
ST e Mo e, T SOt
- _ - CONTROL
AND DISCONNECTS PR Dl IBUTION AND CONTROL  _ MERGENGY POWER DISTAI-
— YEMPERATURE CONTROLS = S BUTION (BATTERIES)®
- F21L00? - lé:f::é’égc PONER DISTRIBUTER = LIGHTING
- v R O ~ INVERTERS !

@ THERMAL/ENVIRONMENTAL

CONTROL & LIFE SUPPORT 8YS

- REPRESSUR ZATION TANKS

= ATHMOSPHERE REVITALIZATION
~ ATMOSPHERE CONTROL

~ AVIONICS COOLING LOOP

= WATER LOOP AND PUMP PKGS
= EVA SUPPORT
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Figure 4.2.3-1 (Cont.)

ALLOCATION CF SUBSYSTEM
FUNCTIONS (CONT)

VFOX8

[AIRLOCK/ADAPTER]

HABITABILITY/PAYLOAD FFODULE]

© COMM & DATA MGMT 8VS ® COMM & DATA MGMT SYS © COMM & DATA MGMT SYS
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= ORBITER COMMUNICATION -~ DATA PROCESSING ACQUISITIOR
~ DETACHED MODULE/EVA COMM - DATA STORAGE = BACKUP DATA PROCESING
= PS DATA ACOUISITION ~ DATA ULTIPLEXING = DATA DISPLAY/KEVBOARD
- PS COMMAND PROCESSING ~ DATA DISPLAY/KEYBOARD - CAWPANEL
= PS PAVLOAD SUPPORT ~ CAW PANEL = TV CAMERAZAONITOR

® REBOOST/DEBOOST SY§

~ TV CAMEAA/MONITOR
=~ VOICE INTERCOMM

© HARITABILITY

= VOICE INTERCOMM
= SCIENCE DATA ACQUISITION

® HABITABILITY

- WASTE MANAGEMENT = FOOD FREEZER AND
® ATTITUDE CONTROL SYT (ALS) - FOOD FREEZERS REFAIGERATON
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= HORIZON & SUN SENSORS ~ RESTRAINTS AND LOCOMOTION - HYGIENE
= RATE GYROS, €E1C AIDS ~ MEDICAL TREATMENT
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REPAIN EQUINIP
- EMERGENCY FOOD STORAGE

~ RESTRAINTS AND
LOCOMOTION AIDS

- 100LS

= FOOOD PREPARATION AND
EAYING

- EMERGENCY WASTE

- PERSONAL RESCUE SYSTEM

Fiqure 4.2.2-7
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Figure 4.2.3-3
CONFIGURATICN ELEMENT OPTIONS

Basic (And Growth) Central Modules
e A Through | Options
Habitat Module
o 2-and 3-Segment Spacelabs
Payload Module
o 1-and 2-Segment Spacelabs

VFO80Y

Logistics fModules

Unmanned
Unmanned + Manned
Unmanned/flanned
90 Days

180 Days

Exterior Operations Module

© Short -
® Long
o Long With Aux RMS

Figure 4.2.3-4
CONFIGURATION ELEMENT
OPTIONS

VFROTY

| Central Modules |

| Habltat and Payload Modules |
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Table 4.2.3-1 lists the numerous activities included in the overall concept
formulation for the system elements. Table 4.2.3-2 lists the operational
sequence options for growth porting.

4.2.3.1 Central Adapter (Airlock) Module

During the initial concept formulation of the study, interface parameters
between the Power System, Orbiter and MSP were established. On-orbit clear-
ances required by the Orbiter and RMS to prevent contact were established and
each concept was measured against these various requirements. Figure 4.2.3.1-1
shows the clearance requirements at the SP (rbiter interface.

Final configuration of adapters will depend largely on the final design of the
Space Platform (SP) and the SP/Orbiter berthing mechanism. Their design estab-
lishes the distance from the Orbiter interface at Xo 619.0 to the SP interface
in both the (+Z) and (-X) direction.

The 35.0-inch clearances are established by the Orbiter to prevent contact
between it and RMS attached payloads. The RMS is required to stop within a
2.0-foot distance. Therefore, a configuration selected must be outside the
clearance line shown.

To place a full diameter on the (-Y) port, the centerline must be a minimum of
1.8 m (70.0) from Sta. Xo 619. This permits the RMS to maneuver into position
and rotate 180° for attachment to payload on the (-Y) port.

Nine adapter configurations, shown in Figure 4,2.3.1-2, were evaluated. The
concepts range from a minimum configuration, providing only shirtsleeve transfer
and airlock functions, to a complete "workshop" that would provide many services
to the complete MSP. Each concept was evaluated based on requirements from
early Task B, allocation of functions, interface parameters, logistics require-
ments and Orbiter/SP configuration parameters. Two concepts, a Z-axis config-
uration and an X-axis concept, shown in Fiqure 4.2.3.1-3, emerged as candidates
for further study. Both concepts, shown in Figure 4.2.3.1-4, are attempts to
configure integrated airlock/adapters with minimum distances between interfaces
and maximum diameter within carqo bay limitations.
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Table 4.2.3-1

MSP CONCEPT FORMULATION

Ofblief Physical Interface Parameters Established

- @ Keel Fittings and Longeron Fittings Availability
o RMS Envelope Restrictions
e Orbiter Cabin Clearances
® Orbiter Berthing Envelope

MSP/Orbiter and Intrasystem Interface Requirements Established and
Evaluated ‘

e PS to MSP

o MSP to MSP Elements
¢ KSP to Orbiter

o PS to Orbiter

Subsystem Functions Allocated to Major Elements of MSP

o PS, AirloclvAdapter, Habitability Module

Optional Approaches To Initial Capability

® Primary Unmanned (Manrned During Shuttle Visit)

~ Provides Increased Internal Expzsriment Cability

-~ Enables Life Science, Etc., Specimens and Equipment
to Be Evaluated On Ground Minimizing On-Orbit
Logistics

— Life-Sclence-Type Lab Occupies Large Portion of Cargo
Bay Wt and Vol On Each Flight-Limits Payload Logistics

~ Enables Design of Maximum Sized Airlock/Adapter For
Future Growth Considerations

— Does Not Require Pressurized Logics System Until
Later In Program '

© Sustained Manned Residence From Outset
- After Second Launch — Cargo Wt and Vol Allocated
100% To Payload (Except For Logistics Flights)
— Internal Experimentation Limited During Early Phase Of
Program
- Design Characteristic 5 Of Airlock/Adapter Module
Influenced By Cargo Bay Space Allocation
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Table 4.2.3-1 (Cont.)
MSP CONCEPT FORMULATION (CONT)

Nine Candidate Airlock/Adapter Options Investigated

SRS
Wy

Two Airlock/Adapter Configurations Selected For Further Study.
Concepts Measured Against ldentified Requirements and Parameters

e Z-Axis-Oriented Concept
e X-Axis-Oriented Concept

T
SR

VR daseb
LAPEPU

T
h3

5%

¥

;‘1 X-Axis A/A Concept Selected For Detail Configuration Analysis

>{ o Maximum External Size and Shape Determined Within Established

33 Orbiter Physical Parameters and Launch Envelope

A; e Internal Arrangements Investigated to Maximize Use of

3 Available Volume

. e “1-g" Orientation Selected With Four Redial Berthing Ports and Two
& End Ports

st Rt

o Two Candidate Habitability/Payload Modules Evaluated

o A 2-Segment Spacelab
e A 3-Segment Spacelab

A 2-Segment Spacelab Was Selected For Detail Configuration Analysis

° {?lemal Arrangements Investigated to Kaximize Use of Available

clume

— Four Crew Sleep Accommodations Concepts Evaluated

— 1-g and 0-g Orientations luvestigated

— Internal Volume Allacaticn Optioas investigated

— Crew Size and Subsystem Volume Requirements Established
1-g Orientation With Private Quarters For Three Crewmen Was Sclected
For Continued Subsystem Analysis. This Selection is Considered
Minimum Impact on Current Spacelab Systems and Makes Maximum
Use of Current Spacelab Equipment.

.~’<;;7’¢¥A‘,,. e

Detailed Equipment List Prepared: Habitat, Alflock/Adapter, Loglstlcs Module

Five Loglstics Options Evaluated
— All EVA Transter
— IVA Solids, EVA Gases
— VA Solids, Press Transfer Gases
— VA Solids From Middeck, Tank Module on MSP
— Tank Module For Gases, Pressurized Module For Solids

e Anintegrated Pressurized Module With External Mounted Gas Tanks
Selected For Additional Configuration and Operational Analysis
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MSP CONCEPT FORMULATION (CONT)

Throe-Man Basic Sustenance Weight and Volume Requirements
Established For a 90-Day and a 180-Day Resupply Cycle

Favorod Logistics System Is As Follows

® 1-Segment Spacelab Module With

— Interior Water Resupply Tanks
— Exterior Atmcspheric Resupply Tanks

o System Sized For 180-Day Resupply Cycle

® Crew Rotated At 90-Day Intervals With Crew Equipment Transported
in Middeck

® Interlor Stowage Volume for Exchange of Total Payload in
Habitability Module

-

Table 4.2.3-2

OPERATIONAL CONSIDERATIONS
IN CONFIGURATION DEVELOPMENT

LN e

* Activation (Assembly of):
* |Power System | + [ Adspter-Access Madule | Yended Free
. [Po_um System | + | Adapier-Access Modulﬂ + [l.unnad Modulﬂ] Flyer Only
*{Power System | + {Adepler-Access Moduls ] + [Manned Modula 1] + [Logistics Module]
e Capabliity Expansion (Add):
o |Wanned Module i1, il ]
« {Dual Adspter-Access Module]
* [Experiment Module(s)|
. [Eltl:rlor Payload Support Bu;l
s Paylosd Addition/Removal/Support

Interior Payloads
Extetior Payloads

* On Adapter Access Module

Pzt i

® On Exterlor Paylosd Support Beam
¢ Platlorm Resupply (Exchange)

Loglstics Module
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Figure 4.2.3.1-1

AIRLOCKK/ADAPTER s
CONFIGURATION PARAMETERS
e ¢ EREED
< s N
3 % Sy
\ QP RERSLI.
| (]
!J ( \ l-—ll {4— 0.0 (30 6) CLEARANCE ausd
. ADAPTER

\ '
A THIS CLEARANCE REQWMRED YO BE COMPATIONE Xe819 Xe 6120

WITH RMS 2.0 FT STOPPING DISTANCE REOUMREMENT
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Figure 4.2.3.1-2

AIRLCCIK{/ADAPTER
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NTERFACE

;aCANDIATE CONFIGURA

-2

U

ATIONS

INTERFACE WTERFACE »
2 A
+«Z
A. Z Axls Concapt B'u.:_"d‘___ Concept ® SINGLE PAYLOAD D. Tes Concept E. Sphertcal Concept
¢ K0 BITERNAL POR —_—
@ SELECTED SERVICES  SERVICES o o NTEARAL © 4O INTERNAL sERvices ® FULL SERVICES
@ LIITED EXTERKAL o FULL EXTERNAL SERVICES o SELECTED EXTERHAL

SERVICES SERVICES
@ NO (V) PORT ® NO (~Y} PORY

® MIN TUNNEL DMA @ MRIN TURINEL DEA

FAVYORED

*«Z
¥. X Z.ds Concept
® FULL SEt VICES Contiguration
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7 o
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Figure 4.2.3.1-3

AIRLOCWADAPTER CONCEPT FORMULATION
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Figure 4.2.3.1-4
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It is important here to define whylghe rack-type adapter inherent in Approach
(1) was dropped at this point in the study.

S - The central module of the manned Space Platform is envisioned as the most

important element of the configuration. It should be capable of supporting

a basic crew, say two, so that some minimal payload activity can be sustained
from the very outset of the buildup. With this concept then, utilization of
that module can be expanded to include that of a basic safe haven or retreat
in case of emergency. With the volumes associated with the foregoing features,
it can readily be used as a multi-path passageway in between as many as three
plug-in modules and the Oribter.

A e

el

T

Also, since it is our conviction that the waste management subsystem should

not be in the habitat (based on Skylab complaints) and since a safe haven needs
such a subsystem, it again needs some convenient installation volume outside
of the habitat and early in the buildup--so, where better than in the central

5@ adapter module. Also, water storage must be provided inside of a safe haven

; pressure volume and not too far from the logistics vehicle port (since the
tanks are ECA transferred and installed on Shuttle revisits),againvwhere better
than the central module.

Sl S i e s o e

Also, for many reasons a mini-control center and airlock is best incorporated
in the "most" central module.

Therefore, at this point in the study it is concluded that the rack-type central
adapter concept could not fulfill many of our system requirements and it was thus
dropped from further study. Apmoach (1), therefore, hereafter was assumed to
have the same type central adapter as Approach (4).

LSO N

The lengths are established by observing the clearance requirements between SP
and Orbiter. This dimension will vary according to SP design and launch packag-

i ST KS

ing parameters.,

iC A Ekanh

Location of payload in the Orbiter cargo bay is limited between Stations Xo
663.00 and Xo 1302. The Space Shuttle System Payload Accommodation document,
JSC 07700, defines the space allocation reserved for the Orbiter berthing
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system as being from Xo 582 to Xo 660.0. A three-inch ciearance is provided
between the berthing system and the MSP elements. Available cargo bay volume
for the adapter is further restricted by installation of the habitability
module in an attempt to launch both modules in one flight.

The JSC 07700 document also defines the location of active longeron and keel

. fittings that can be used by payloads to be removed from the cargo bay. The

first available active keel fitting for the habitat module is at Station Xo
T124.07. Moving aft, the next available fitting is Station Xo 1159.47. This
location placed the module outside the cargo bay envelope. Once the habitat
module location was established, sequential development of the adapter, shown
in Figure 4.2.3.1-5, established the maximum length. The favored cargo bay
arrangement is shown in Figure 4.2.3.1-6.

Figure 4.2.3.1-5

CONFIGURATION DEVELOPMENT SEQUENCE  vroxs
AIRLCCK/ADAPTER MODULE

AVAILABLE
CARGO BAY
VOLUME

POWER SYSTEM S0DAY PLUS
INTERFACE 20DAY
CONTINGENCY
EXTERNAL BERTHING CAPABILITY
MECHANISM

TWO-SEGMENT SPACELAB
HABITAT INTERFACE

EXISTING ORBITER
EVA AIRLOCK-EXTERIOR MOUNT

EXTERIOR CONSUNASLE
TANK STOWAGE

EXTERNAL BERTHING, MECHANISMS
SEPARATED FOR ASSEMBLY CLEARANCE

ENCLOSURE FOR MINI CONTROL CENTER. SAFEHAVEN, WATER,
FOOD, BATHROOM, MINIBENCH, EVA SUPPORT ANR PASSAGE

ORBITER TRUNNION AND KEEL FITTING PLACEMENT
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Figure 4.2.3.1-6
CARGO BAY ARRANGEMENT vFO3%0

AIRLOCK/ADAPTER
AND TWO-SEGMENT HABITAT

SYSTEM (REF) AIRLOCK/

EXTENDED -
Xo 515.0
Zo 500.0

!

Féllowing the sizing of each concept, an on-orbit assembly analysis was made
using each concept. This analysis, shown in Figure 4.2.3.1-7, indicated that
both configurations did satisfy all clearance parameters; however, the (2)

axis concept required the adapter be 5.4 m long without the (-Y) payload port.
The (X) axis concept satisfied all clearance parameters with both (+Y) and

(-Y) berthing ports. The (Y) port berthing is considered essential for perform-
ing routine logistics and Platform growth. With full berthing port capability,
the adapter has multiple use potential. As a result, the (X) axis configura-
tion was selected as the favored concept for further detail configuration
analysis.

4.2.3.2 Habitability/Payload Module

Early in the study B. top-level functional requirements for the habitability
system were generated and are listed in Figure 4.2.3.2-1. Sizing and configura-
tion depended on the subsystem functions allocated to the module and the com-~
ponents required in or on the module. Initially, an habitability module concept
formulation diagram, shown in Fiqure 4.2.3.2-2, was generated to assist in
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Figure 4.2.3.]-7
AIRLOCICVADAPTER CONCEPT

VF0362
FORMULATION
Bdopter (VT ::-.
RIS Rotatior
Hebatabelity/
'ayieed Module
Orbiter ! .’{’—:;
=1 Launch = WA -
Parameters _ XEL? n.:gzsm-.
; 4____ 175m e 8h mLG
Adaptae
;—:h 788
ge!"
Z-Axis Concept
i Assembly Analysis
g ‘: . 1
. Orblter ) Favored Concept
: =»{ Launch =g |
A Parameters
E_ Sl'wd' Requwed

X-Axis Concept
Assembly Analysis

Figure 4.2.3.2-1

1 TOP-LEVEL HABITABILITY
' FUNCTIONAL REQUIREMENTS

1. Accommodate 5th to 95th Percentile Male and Female Crew
Members

2. Provide Windows for Earth and Space Viewing

3. Provide Crews With Efficient Work Areas and Private Sleep
Quarters

4. Provide Private Washing and Waste Management Facilitles

5. Supply Food Consisting of 65 Percent Shelf-Stable, 30
Percent Frozen, and 5 Percent Fresh Foods

6. Provide Refrigeration System for Unconsumed Foods
7. Prevent Objectionable Odors from Reaching Habitable Area

8. Minimize Noise in Habitable Areas; Noise Levels Consistent
With Criteria in NASA SP-3006, '‘Bioastronautics Handbook"

9. Provide Exercise and Recreational Facilities
| 154
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HABITABILITY MODULE CORNCEPT i
FORIMULATION (ELEMENTS)

e
;

identifying the multiple choices available and establishing trade considera-
tions required before a favored configuration could be established.

4.2.3.2.1 Two- vs. Three-Segment Spacelab - The consideration between a two-
segment or a three-segment Spacelab is one such trade. The considerations in
this trade are outlined in Figure 4.2.3.2.1-1

This trade was pursued early in this subtask to determine the advantages, dis-
advantages and building-block aspects of each.

‘“~f Various analyses of volumetric relationships, impact on highly-impacted sub-
systems, such as the environmental control and life support system (ECLSS),
Q ! crew size options and mission objectives. Fiqure 4.2.3.2.1-2 developed to

- highlight the relationship of the crew size (resident in a two- or three-
segment Spacelab module) vs. available payload racks. Note that for a basic
crew of two or three in a two-segment module there are 12 to 18 hours of

e bt s b e
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Figure 4.2.3.2.1-1

HABITAT AND PAYLOAD MODULE Ve

CONFIGURATION TRADES
1- vs 2- vs 3-Segment [ 1-Segment (Short Modute)|
Spacelab Modules ) S:l?l‘l’af)w Dedicated Use (Payloads or 2-Man

€ v {10 » &0

o Riinimal Element (Minimal Concept Bzse)

o Minimal Use/Port (Constrains Total Use Factor)

® 3-m-Long Free Volume (Marginal, Ret
Celentano: Crew of 3)

o Least Efficlent Use ol Shuttle Cargo Bay

{2-Segment (Long Module) |

FAVORED @ Possible Dadicated or Joint Use (Payloads
and Habltat)

Requirements

¢ Payloads

¢ Craw Quarters

o Dally Traflic

* Logistics Tratfic

¢ Opcrations Control

o Habitabliity
e Cost

o Largest Standard Module

® 6-m-Long Free Volume (Adequate, Ref
Celentano: Crew of 3)

e Medium Use of Port

e Medium Efticiency Use of Cargo Bay

[3-Segmenl (New, Extra-Long Module]

o Extensive Modifications to Utllity Installations

o Borderiine as to Crew Crowding

o 9-m-Long Free Volume (Adequate, Ref
Celentano: Crew ot 4 10 §5)

o Too Big For Payioad Dedicetion

o Congregates Great Variety of
Equipment/Activities (Environment?)

o Maximura Use of Port
e Most Efficient Use of Shuttle Cargo Bay Space

Figure 4.2.3.2.1-2

EXPERIMENT VOLUME — CREW SIZE "™

RELATIONSHIPS*
*Approximations Crew Hours/Experiment Rack/Day
® 4.0 23 1.7,
Crew @ 7.0 23 __ 17— "1y,
size @ 2-8"_ — “:4’ — ‘40 - ’0.77
Q@ 36_- — 15 . — 88 0.6 0.45
150 50 @ fi2__ .-07 0.4 0.3 0.25
& _ litustrative . ! T |
g @ Experiment: I / | I
£ 120 | 8 40 |- 39CrewHours | | |
- [ Per Day + 3 | / | e‘c""
% g Racks (2 Prime / |
8 90| 3 30 |- and 1 Support) = | {
£ > | (13 Range,—
€
g 60 620 -
& H
w Lo
30 w9 |- Size
Hr of Expmt time/day
L 1 J

3 4 5 6
Spacelab Segments
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experiment or payload time available per day with five to ten racks of controls,
payload and support equipment to occupy such time. This was believed to be the
range of interest for an initial Platform activation activity from an occupa-
tional standpoint. Also considered here was the assumption that the crew
activities dispersed in dedicated payload modules as well as the central
adapter (and in a logistics module) would minimize the need for large volumes
in the habitat.

Figures 4.2.3.2.1-3 and -4 illustrate the layouts of two- and three-segment
Spacelab habitats. The two-segment layout is based on the waste management
facility being located in the central module; a design assumption based on the
negative experiences of Skylab crews with "too close" a waste facility, i.e.,
human and equipment‘noises. odor, etc.

Figure 4.2.3.2.1-3

INTERIOR HABITABILITY vemazon
ARRANGEMENT DESIGN FEATURES

PERSONAL HYGIENE
FOOD MANAGEMENT‘ JAND MEDICAL TREATMENT

EXPERIMENT
AREA

INDIVIDUAL CREW
..y GUARTERS (2.8 m3 EACH)
':;/ {3PLCS)
; EXERCISE AND
- «--— RECREATIONAL FACILITIES

CONTROL CENTER

T 19 ORIENTATION
SUBSYSTEM AFEA

WORK BENCH

WASTE MANAGEMENT
CANDIDATE FOR LOCATION
IN AIRLOCK/ADAPTER

Considerations
®» Crowding — Minimal (Crew Mostly Dispersed in Habitat, Other
Modules, or Asleep)

® Experiments — Only Nominal Capabllity in Habitat Area to Minimlze
Environmental {Noise, Odor, Motion) Impact on *"Home™ Area
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Figure 4.2.3.2.1-4 : (;—~

HABITABILITY MODULE VRGN
(INTER!OR LAYOUT)

Design Factors
Crew Size
o Mission Duration
= TEN L : Resupply Cycle
- - S Crew Comfort Level
(Skylab Sleep Vol =
1.37m3 Min/Person)
Consumables Usage Rate
Storage Provisions
Crew Trattic Patterns
Crew Satety
On-Board Maintenance
Crew Conditioning and
- » Crew Recreation
’ Accommodations Planned EVA Oparstions
s Crew Support and Characteristics
o Food Mgmt Platform Subsystem Reqmts
o Hygiene including Location and
o Medical Volume
® Subsystems Experiment Regmis
s Experiments Maximum Use of
Exlsting Hardware

3-Segment Spacelab

o Platform
Control

It was also believed at this point in the study that the three-segment approach
represented ostensibly a "new vehicle" development because of all the subsystem
impacts involved in adding one segment to a standard two-segment Spacelab.

The ECLSS is particularly impacted by such a segment addition as is described
shortly. Thus, from an overall configuration crew, subsystem and programmatics
standpoint, it was concluded that the smaller, more standard two-segment approach
provided more operations, growth and cargo bay loading flexibility and overall
less development cost than the two-segment approach. Several subsystem factors
also entered into the decision process

The ECLS subsystem impacts of stretching Spacelab to three segments is defined
here.

A survey was made of the ECLS equipment list and a qualitative assessment was

made of the impact. The results are summarized in Fiqure 4.2.3.2.1-5. About

one-third of the assemblies are not expected to he impacted in a significant -
manner. Examples of these types of items are condensate separators and pro-
cessors and water system assemblies.
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Figure 4.2.3.2.1-5

SPACELAB ECLS SUBSYSTEM IMPACTS OF
THIRD SEGMENT

ASSEMBLY

THIRD SEGMENT IMPACT

CABIN FAN ASSEMBLY
CONDENSING Hx

COZ CONTROL

CONDENSATE SEPARATOR
CONDENSATE PROCESSOR
CONDENSATE STORAGE AND DUMP
CONTAMINANT CONTROL
INTERCHANGE CIRCULATION
ODOR AND CABIN TEMPERATURE CONTROL
BuCTS

0, AND N, TANKS

0, AND N, FILL AND RELIEF
02 (N2 CONTROL PANEL)
RELIEF VALVE ASSEMBLY
SENSOR PANEL

LINES AND DISCONNECTS
WATER PUMP PACKAGE

COLD PLATES

LINES AND DISCONNECTS
AVIONICS FAN ASSEMBLY
AVIONICS HEAT EXCHANGER
DUCTING

WATER TANKS

WATER DISTRIBUTION

WATER MONITORING

INCREASED VENTILATION REQUIREMENTS
IMPROVES PERFORMANCE (REDUCED SPIKES)
IMPROVES PERFORMANCE (REDUCED SPIKES)
NONE

NONE

NONE

IMPROVES PERFORMANCE (REDUCED SPIKES)
LITTLE

IMPROVES PERFORMANCE (REDUCED SPIKES)
LONGER RUNS REQUIRED - PERHAPS SIZE INCREASE
SMALL INCREASE REQUIRED

NONE

SLOWER RESPONSE REQUIRED

REDUCED PERFORMANCE (HIGHER CABIN VOLUME)
SLOWER RESPONSE REQUIRED

NONE

POSSIBLE INCREASE IN PRESSURE DROP

MORE MAY BE REQUIRED

MORE MAY BE REQUIRED

INCREASED FLOW REQUIREMENTS POSSIBLE
INCREASED PERFORMANCE MAY BE REQUIRED
MORE REQUIRED IF RACKS IN THIRD SEGMENT
NONE

MORE LINES MAY BE REQUIRED

NONE
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Performance is expected to improve in about one-fourth of the items because of

the larger cabin volume which will act as a capacitance for humidity, €o,., and'-‘, (
contaminants. Therefore, smaller spikes will be noted thereby aiding perform-

ance of CO2 control, condensing heat exchanger, contaminant control and composi-

tion control assemblies.

. Depending upon the type design of installed equipment. the remaining ECLSS

assemblies may perform at lower levels or even require modifications. A key
consideration is amount, location and type of equipment installed. An example
is the avionics loop which may be inadequate if rack-mounted equipment requires
air cooling in the third segment. This condition would result in less total
avionics loop cooling. :Figuré 4.2.3.2.1-6 shows several possible fixes which
increase amount or size of hardware. A better solution is to use water loop
cooling for third segment equipment because of reduced impacts. Higher water
loop pressure drop can be accommodated by using Orbiter pumps and larger line
sizes. Some air flow still might be required in the racks to facilitate smoke
detection as in the Spacelab design.

Figure 4.2.3.2.1-6

POSSIBLE IMPACTS OF ADDING THIRD ™™
SPACELAB SEGMENT-AVIONICS COOLING
LooP

A
7
-

|
!
I
l
|
|
l
I
!
!
l
1
[

7 \ ‘Larger Ducts  “NAdd 2nd Heat

Operate 2 Fans Exchanger and Fan
or Increase Fan Size

Increase Water
Flow Rate
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Atmosphere ventilation will also be impacted because the minimum air circula-
tion rate must be maintained in a larger volume. Figure 4.2.3.2.1-7 shows
several options which include hardware modifications or additions. Increased
total atmosphere cooling loads would result in higher cabin temperatures or
increased heat exchanger performance requirements.

Figure 4.2.3.2.1-7

POSSISLE (MMPACTS CF ADDING THIRD wiem
SPACELAB SEGUENT-ATIAOSPHERE

VENTILATICN AND COCLING
Largor Add Separsie
Ouu:'\\\ ’/;a::5”°"' VentZstion Fan
- - atapllis { ¥ iyl =y
f;."‘r i I i"" r n_? e
| H
' i n
| | I
| B
X I
| | ;‘l
! 1)
: e R
1 {1mx "
l‘"1:’ i
Ik '...H.__...J:‘n..i '
i\—*‘_ ."‘L-.r"
] Addition of 2nd
Increass Water Hast Exchanger, Fan

4.2.3.2.2 Internal Arrangement - Following the selection of the two-segment
Spacelab as the basic module, the decision process continued, as shown earlier
on the formulation diagram (Figure 4.2.3.2-2). The inherent fiexibility of
the Spacelab permits selective rearrangement of internal components to accommo-
date crew requirements. payload volume requirements, subsystem volume alloca-
tions and the results from the formulations analysis.

Our major area of internal flexibilitv is crew habitations. For long-term

missions, the crew must be provided with sleeping provisions. waste management
system, personal hygiene system, trash management system, food. drink,

161
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entertainment equipment, restraints. clothing. In this study we have con-
sidered crews of three or four for periods of up to 90 days with an additional
30 days contingency in the event that the Qrbiter is delayed.

Various arrangements are conceivable for providing sleeping provisions within
the Spacelab. Four significantly different approaches were studied. They are

. shown in Figure 4.2.3.2.2-1. Of the four evaluated, the full volume compart-

ment concept providing 2.8 m3 of volume each, is favored as best fulfilling the
following general requirements:
® Provide private maximum size sleep quarters.
Provide stowage compartments for each crew man.
Provide soundproof and lightproof padding.
Provide cooler atmosphere within sleep compartment.

Provide adjustable lighting.

Provide maneuvering aids, as required, such as toe rails, hand
and body restraints.

Figure 4.2.3.2.2-1

HABITABILITY MIODULE — SLEEPING vraxm
ACCOHMODATION CONCEPTS

HYGIENE | =
FOOD MGMT 5 £EP COMPARTMENT
Center Aisle Concept : 8 Rack Compartment Concept
' ® 30 RACK VOLUME REQD . ﬁsm:us n:g: smmzronoowung‘m
© NO EXTRA LIGHTING AND o chwn; iV AND REDUCES NOISE PROBL
AIR RECO ® PROVIDES SXYLAB SIZE COMPARTMENT WHICH
HOWEVER. WA ADEQUATE
® NO PRIVACY

PERSONNAL  OVERHEAD STOWAGE STOWAGE

7 FOOD MGHT AND
PERSONNAL HYGIENE ’
‘ FAVORED
it Bunk Bed Concept “SLEEP
@ EASILY ACCESSIBLE COMPARTMENT

® USESONLY 2 EXPERIMENT RACKS 1y £uii Volume Compartment Concept
HOWEVER
LY 0543 VOLMAN © FROVIDES NEW LIGHT WEIGHT CONSTRUCTION

® REQUIRES MOOS TO RACK STRUCTURE @ MAXHMUM VOLUIRE FOR LONG DURATION
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Waste management and hygiene functions were also a major internal area of
concern. The Skylab design combined both the waste management and hygiene
functions in a single compartment with a combined free volume of 3.57 m3
(126 cubic feet). This was satisfactory for three crew members for 85 days,
but interference between crew members during both functions simultaneously
led to their suggesting separate compartments. Also, Skylab crews expressed
desire to have the waste management compartment some distance from the
sleeping compartments to reduce disturbing noise levels. As a result, the
favored concept places the waste management System in the adapter and the
personal hygiene in the habitat.

A Skylab-type food management system was selected and occupies a volume of
approximately 1.083 m3 (38 ft3). This galley food storage was sized to
accommodate up to 14 days of meals for three crew members with an additional
0.418 m3 (14.758 ft3) of frozen food provisions.

The favored interior arrangement, accommodating three crew men, will provide
two double racks (rack 3 and 4) for incorporation of mission payload equipment.
A complete detailed description of the favored habitability/payload module is
presented later in Section 6, Recommended Concept Summary.

4.2.3.2.3 Crew Size Selection - Crew size for MSP was determined by considera-
tion of those factors shown in Figure 4.2.3.2.3-1. The primary influencing
factors were manhour capability. skill mix distribution>and number of shifts
needed.

The net manhour capability, as a function of crew size, is shown in Figure
4.2.3.2.3-2. This is based on a Skylab-derived set of activities for a basic
eight-hour work day per crewman. Station operations were assumed at seven
manhours per day based on Skylab. The net payload operations time could be
increased by scheduling a 10-hour per man work shift.

The MOSC Study, which used a detailed data base of payload requirements, had
mission manhour requirements as shown in Figure 4.2.3.2.3-3. A four-man crew
was selected on MOSC. The types of MISC payloads are not unlike those planned
for MSP, as shown in Figure 4.2.3.2.3-4. Those payloads with larger crew
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Astronomy (11) I | B S
SANMSP Mission
HE Astrophysics (4 I i —Catogories
Solar Physics (1) I 1 -—
AtmosiSpace Physics (1) | __ ] -
Earth Observ (4) 1Y i
Earth/Ocean Physics (5)
Space Processing (6) D}:] -
Life Sciences (4) I M & i -—
Space Technology (7) t | SR |
Comm/Nav (3) L | O
165




ORIGINAL PACE 1§
OF POOR QUALITY

. . -
requirements on MOSC are also the crew that were selected for emphasis on  MSP. ( )
?-j The skill categories that were derived for the MOSC Study, Figure 4.2.3.2.3-5, B

: were compared to the HMSP needs. Four skill combinations would suffice.

3 Figure 4.2.3.2.3-5

B

E. VFOs14

3 COMBINED SKILL SPECIALIST CATEGORIES

2 MOSC Study Manned Space Platform

A — Earth Sciences Solari/Torrestrial Sclences
B — Life Sciences

C — RMotaocrologist/ Life Sciences
Photcgrapher

. D — tAatorlal Sclences
1 Material Sclences '
v E — Physical Sclences < . o)

F — Engineoring Technician
7\,Englnaaﬂng Tachniclan

G — Astronomical Sclences

Crew work rest cycles were analyzed for one- and two-shift operations. Figure
4.2.3.2.3-6 shows the potential for a three- and four-man crew. A three-man
crew would allow a single-shift operation or a split-shift operation. Four-
man would allow a two-man, two-shift schedule giving payload coverage for over
§ 12 of the 24 hours in a day. These were based on concurrent sleep periods,
found to be desirable from Skylab experience.

e

The volumetric needs of a tﬁree— or four-man crew are satisfied with a two-
segment module and the adapter volume as shown in Figure 4.2.3.2.3-7. Habit-
ability module layouts fér three and four men are shown in Figures 4.2.3.2.3-8
and 4.2.3.2.3-9. Figure 4.2.3.2.3-10 shows the arrangement for a two-man crew
with two others in a separate module. The number of payioad control racks in

the module for given crew sizes are shown in Figure 4.2.3.2.3-11. The
1
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Time of Day (hr)

0 4 8 12 6 . 20 24
{ | 1 L I ) i 1 4 i ] i Ll
No. 1} Work ]
3-lan
Crew No. 2| Work ]
No.3| Work |
No. 1{ Work |
4-Ma No. 2[ Work ]
Crow
No. 3| ok - |
No. 4} Viork ]
Figure 4.2.3.2.3-7
FREE VOLUME veom?
Required Available
1800
1600 |- Adapter
1400 |-
& 1200 }- Adapter
°
E 1000 |-
3
o . Module
> a0}
2 .
o
600 |-
. Moduls
400 |-
200 |
. L | ! I}
00 3 4 5 6 2 3
Crew Size Module Segments
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Figure 4.2.3.2.3-8 (
3-MAN HABITABILITY MODULE -

Bay 6

(Food Freezar, Food Mgmt
Chiller, Etc) Sleop :ouloml Bay 3
Bay 4 ¥9'eN®  (houble
(Double Rack)
Bay
(Controls)

[ JModute Equipment [ Crew Equipment [ ] Payload

Figure 4,2.3.2.3-9
4-MAN HABITABILITY MODULE

Rack 6
(Personal
Hyglene)

Rack 4

Racks 3 and 6
(Food Mgmt,

Food Freezer,
Chiiler, Etc)

Rack 2
(Controts)

[:] Module Equipment [: Crew Equlpmont [: Payload
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OF POOR QUALITY 2 + 2-MAN HABITABILITY MODULE

Food Mgmt Persdnll Hyglens
(Sized for 4 Men)  sleep Food Freezer, Etc

Rack 5§
Rack 3 (Double)

(] module Equipment [ crew Equipment [C] payioad
Figure 4.2.3.2.3-1
) PAYLOAD vros9
RACKS/CREW — HABITABILITY MODULE
6 - :
Dedicated
| s
‘T R Crew Size
/ rew Siz
Number s L ! sz
2 }-
1 L
o L - :
| — 3 Men, It — 4 Mon, tt — 2+ 2 Men,
2 Segments 3 Segments 2 Segmonts

160




ORIGINAL PAGE 1%
OF POOR QUALITY

2 + 2-man option provides a greater area for payload racks in the habitability (; ;)
volume. .

The logistics needs per 90 days as a function of crew size are shown in Figure
4.2.3.2.3-12. Each crew addition adds about 2000 1b of logistics per 90 days.
Cost factors that would increase with crew size are listed in Figure 4.2.3.2.3-13.
These would need to be evaluated before a final crew size selection could be
made.

Historically, the crew size on past systems has varied from one to four as shown
in Figure 4.2.3.2.3-14. MOSC, which was nearest to the characteristics and capa-
bilities of M5P, had a suggested four-man crew.

Figure 4.2.3.2.3-12

VFO610

CREW-RELATED LOGISTICS

12,000

10,000 |-
]
a
o 8,000 |~
&
a
i.‘ 6,000 -
(3
E =
o
2 4000 g
o

2,000 |-

Food
ol i 1
0 2 3 4 5 6

No. of Crewmen
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3 OF POOR QUALTY GREW SIZE COST FACTORS
3 C ‘

' * Tralning |

¢ Ground Facllities

. Hablitation

Rotation
* Logistics <
Resupply
Figure 4.2.3.2.3-14
CREW SIZE HISTORY
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3
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: . | |
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In summary, the crew size factors are illustrated in Figure 4.2.3.2.3-15. T
Based on these data, a four-man crew is recommended because of the greater (.

manhours per day, the better distribution of skill needs and the ability to
maintain a two-shift operation with coverage up to 20 hours per day if needed.

Configuration candidates that resulted from this analysis are shown in Figure
4.2.3.2.3-16. A three-man crew in a two-segment module is the first candidate.
The other two are for a four-man crew with a three-segment module and with a
two-segment module augmented by a smaller module, i.e., two-man for activation
with a four-man capability thereafter.

Figure 4.2.3.2.3-15

VEPS§13
CREW SIZE SUMMARY CONSIDERATIONS
3 Men 4 Men

Man-Hour Capabllities’ 30 Hr/Day !
Skill Mix Increased Cross Trsining 1 Skill Speclall‘sl

: Cateqory/Person
Viork Rest Cycle 12 Hrmar Coverage 20 Hr/Day Coverage

Single Shift - 2 Shiit Capabliity

VYolume 2 Segment Adequste 2 Segment Adequate

Configuration Layout Single Module Preferred

Program History Skylab

Loglistics : [ 6000 Lb/90 Days)

Cost Factors -
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Figure 4.2.3.2.3-16

MSP CONFIGURATION CANDIDATES

VEOL08

Crew Size Module Segments Manning Sequence
3 2 3—~-4-6
4 3 4—+6
2+2 2+1 ' 2—+4—6

4.2.3.3 Llogistics Modules

The initial MSP will provide a Timited amount of volume for expendables and
consumables for 90 days before resupply is required. A 30-day cohtingency
supply will also be incorporated in the initial MSP to allow for Orbiter
taunch flexibilities. However, the MSP is to bhe routinely supported through
a logistics-resupply system which will provide both replenishment of existing
storage, exchange of vehicle and payload equipment and additional on-orbit
storage capability.

During initial phases of the study. a lugistic system concept formulation
diagram was prepared to assist in arriving at o reconmended configuration.
The diagram shown in Figure 4.2.3.3-1 was used to identify critical require-
ments and candidate solutions.

Initially, five methods of providing crew sustenance resupply were evaluated.
These options. shown in Figure 4.2.3.3-2, involved total EVA, IVA/EMA mixture
and total IVA nmiethods. The merits of cach werr evaluated and a favored concept
was selected to be used in the MSP concepl formulation studies. The evaluation
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1 PLATFORM/CREW SUSTENANCE-LOGISTICS v
1 ( OPTIONS
’A 7 Favored

VA Trancier Fram Corga By AT o -
Hobinchimy Arsse

. Logletice Aack Ondy) On Pistionn
et mu-..‘.'ﬂ.m

C. Logistics Rack on Plattorm Liguid ane Gag rwen Log Rach Vie Usibmcst

EVA Transter Packages thems i Aiteck =\,
Gases and ;

oud

/—\;

{ data is shown in Figure 4.2.3.3-3. The early concept involved use of a tank
module sized for a 90-day resupply cycle berthed to the MSP with liquids and
gases transferred via umbilicals. A 90;day supply of solid material would be
stored in the Orbiter mid-deck and transferred via IVA through the airlock/
adapter into the MSP (see Figure 4.2.3.3-4). As program reqguirements increased,
a Spacelab-derived pressurized module would be introduced and berthed to the
tank module, thus becoming an integrated logistics system.

T T
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Basic MSP Logistic System - A Spacelab-derived Logistics Module with pressur-
ized and unpressurized storage areas was selected as the favored concept for
resupplying the MSP (see Figure 4.2.3.3-5). The vehicle is described in detail
later in Section 6, Recommended Concept Summary. As resupply requirements were
defined, it became obvious that a large pressurized volume would be required.
This is partly due to the potable water requirement. Study inputs to the
Togistics system specify a pressurized, controlled environment for the crew
water supply. As a result, the Orbiter mid-deck storage volume appears to be
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Figure 4.2.3.3-3

LOGISTICS SYSTEM EVALUATION

Pro

Con

e Cote A
(EVA Transter From Car
Bay} ©

(Rack Returns With Orbiter)

® Aeduces Number ot Mechanical Intertace
Opersrions 10 Be Pertormed By RMS

8 togistics Carrier Can Be Contigured to Manimize
Orbiter Volume Without Contideration ot MSP
Impsct (e, Spacelab, Pallet, Spacetab Modute,
New Rack, or New Pallet

Specwl Containers Reguwred tor Food, etc

Requires Atl Packages Be Sized to Enter Awrlock
With One Crewman

Increases Chances of Damage to Awlock

Requires All Supplies to Be Otfioaded Betore Ortates
Return . .

® Increases Stowaae Requirements On-Board Plattorm

Increases FVA Totsl Time to Ottload Supnhes

Reguires Tanks 10 Be Sizedt for EVA Handting anag
Designed for Mechanical Replacement {See Case A
Atternaste)

Requires Airlock Modification 1o Provide Teedowns
During Awlock Operation

Case A Atternate

8 Same As Above for Case A Except Tanks Can ® Same As Above For Case A Encept Pressure Transter
(Packages Through Awlock, Be Sized 10 Accommodate Volume Require- of Lupnds and Gases From Orbiter Resylts 1n Scars
Liquids snd Gases Pumped ments and Instailation Provisions Dictated By ta the Ortuter In Terms of Line Supports, Umbslicals
Fram Orbiter) MSP Configuration etc. Plus Hazard to Orbrter Satety
e Case B ® Enabtes Transfer ot Solid Suppties Ag & Requrres Time-Consuming EVA Operation 1o
{0n.Orbit EVA Transter Needed Resupply Plattorm
"Solng:hv:ugn Aulock!? ® Aeduces EVA Operations to Replace ® Specuat Food Containers Required
epiaceme:
F'zom O'blll‘: cement Gases 8 Reduce; Total Number of Tanks Required 10 ® Requaes EVA 10 Orag- On Lines ta Transfer Gases
t 1
Satesty 510 Year Mason Tanks s Uminhicat Design Comphicated tor €VA Manual
® Heduces Orhiter Stay Tune Hookup
o Uses Eacestive Orinter Volume in Addition 1o
t ogistics Vehecle
Y N)O Tanks Reguire Devign for Manust Replacement
. ® Pacheages Must Be Sizedt to Enter Through Awrlock
With One Crewman, Which Limits Deasign
®  Aulock Madihication Required tor Tiedowns
e Case C 8 Reduces EVA Time to Resunply Plattorm ® RHegures EVA Operation to Resupply Platforms
{EVA Teanster 50"_(" 8 Enabies Transter of Liquid and/or Gases ® Pachage Must Be Sized to Enter Through Asrlock
Thiough Awlock, Gasses As Required - With Crewmen
and Liquid Pregsure
Transterred) & NMinimum Orbiter Stay Time ta Resupply 8 Astack Maitication fequired to Provide Package
Platlorm Tiedown Buring Anlock Operation
o One Tank Desgn Can Sataly Plattorm and e Specat Fuod Coantainers Required tn Prawnde
Logrstics Svatem Reguirements Necessary Atmospbhere
Favored
/ @ Case D e Enables Crew to Restoch Plattorm Ag @ ingreases Systemt Regurementy and Compleniy of
Neededo f oqstc Vehule Dest ey -Si
tIVA Transter of Sotuas, l"‘:"“""“"“l 9N 10 Maintain Sherg-Sieeve
Pressure Transfer Gases 8 Tianster ot Gases and Liguuds Can Be on an
and Lqundst As Nrcded Bass Duectly From Log Madwe 8 tnaregaey Complbuated Intertaces
t
1 Desiwed ® Adtns May Repare Mods 1o Permit Packages 1o
& Peomaty Sizing of Platiorms Tankage e He Tepnstreored Tos and §rom € aperimentsy
Aavmem Volume Reguirements
8 Peemas inteniar of Hah/Paytodd Madule (o
Be Designed With Mimumum Stowaqe
Prowsions
o Enabies Crew to Mamtar  Housebevpnng
Pracedures With Aimemum £ H1ain (Trph,
et Can Be Taken to Loy Modate Ay
Needed!
® Provides Srcondary Safety Stwttes tar Crew
& Prowides Protected Envionment tar boul,
Speciment, et¢
e Permugs Log Madule to Be Used As Awdach
to EVA Transter Large Payload Lteaw
Favored
/ e Case £ o NMinimum Cargo Bay Votume Hequirenwnty ® turntiat Votgnw Avarlsbie in Ochiter dncreases
{IVA Sohds From Ortuter o Concent Permuts A Single Do Tank Madote Lot Flhts
Mid Deck, Liawed ana Gas Adaptahite 1o Large Pressucizerdl Logaies ® Pactageys Mast Re Sized Compatiite With Mt Dec
From Loysstics Rack} Atodule . Provisumm
. ey Aast e Transterced During Ortuter
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ESTIMATED ORBITER LOGISTICS STOWAGE VOLUME
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Figure 4.2.3.3-5

CONCEPT SELECTION LU
LOGISTICS MODULE

3
Pressurized Unpeeseurized
Cargo Section® Tanh Sestion

~Tunnel

N\
Integrated Logistics

{Add'l.
Module Stowage)

*Custom Instailation
Per Flight; No Standard
Racks

Pressutizod Cargo Carrier
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7 insufficient for a complete~?0-day resuppiy and is not recommended for this (; ‘)
;; purpose. Use of Orbiter bunk area for resupply stowage is not recommended
5 since MSP crew overlap time will require use of bunks by crew members.

Current operations scenarios indicate that use of a logistic module sized for
180-day resupply cycle would minimize cargo bay volume impacts associated with
resupply. Crew exchange, at 90-day intervals would be possible during resupply
and/or payload launches. A 180-day logistic system minimizes cargo bay weight
and volume losses due to logistics.

180-Day Logistics Requirements - The volume and weight requirements imposed on
the logistic system to provide sustenance for a three-man crew over an 180-day
resupply cycle is shown in Figure 4.2.3.3-6. The early MSP configuration will
provide limited payload accommodation internal of the habitability module. As

a result, logistic volume of 82 ft3 is estimated as being required to completely
change out this payload equipment. The trash storage volume indicated serves
dual purpose since its requirement is for on-orbit storage only for returning

to earth, thus it can be used for other items during delivery.

Figure 4.2.3.3-6
LOGISTICS WEIGHT AND VOLUME REQUIREMENTS -~ 180-DAY RESUPPLY CYCLE - THREE~-MAN

Weight Volume
(Lb) (F)

Basic Sustenance
8 Shelf Stable Food .. - (3.6 Man-Day) . 139 i
® Frozen Food . {1.0 Man-Day) 54 Logistics
s Water. . (4620) 80 Module
® Clothing . _. .o~ ... . {(v.6Man-Day) 54 Concept
® Personal Gear o (180) 6 (Est) N
‘e Trash Storage . . {TBD) 206 Logistics

{Compacted to 0.38 Ft* MD) Module

8 EVA Supplies . (TBD) 100 (Est) Design
® Maint and Housekeeping Supplies (4.0-Day) 50
® MSP Spares ... . . . .. _ .. _(T8D)_ . . _...1G0 (Est)
@ ECLS Suppties - _(T8D) . (TBD)

Early Payloads
.| LifeSclence . .. ... oo ... .(TBD) . 50.0(Est)

+ (n Material Processing . (TBD) 32.0{Est)

rLl Solar.Terrestrial (T8D) 50.0 (Est) . -

*This Volume Can be Used tor Other Purposes During Delivery to Orbit — But is :

Reserved for De-Orbit Trash

|
| 178




st

' }

+ Crew personal gearlis transported along with the crew in the Orbiter mid-deck
on a 90-day crew rotation cycle. :

The crew-related ftems to be resupplied are as follows:

1. Food - Dehydrated, Intermediate Moisture and Wet Pack
Food packages to be transferrred from the Logistics System and
stored in various elements of the MSP as required. Assumptions for
" planning are: ®
Weights: Dry food = 1.0 lb/person/day'
¢ 1.6 1b water in food weight

ORIGINAL Preg 15 Packaging = 1.0. 1b/person/da
OF POOR CUALITY ) P d

3.6 1b/person/day
3 crewmen X 180 days = 540 man-days
540 X 3.6 = 1944 1bs shelf stable food
Volume: 0.17 ft3/3.6 1bs/man-day
0.17 £t3 X 540 = 92.8 £t3 snelf stable food
(2 ft3 contains 12 man-days)
Storage: We elected to use a packaging efficiency factor of
1.6. This factor 1is an estimate of the total
volume that includes racks, shelves, etc., for
storing a cubic foot of food
92.8 ft X 1.6 = 148.48 ft> of storage requ1red for
an 180-day supfly for 3 crewmen.

food - Frozen »
Frozen food is to be transferred from the Logistics System and
placed into a freezer/chiller provided as part of the MSP food
management system. This also requires a freezer be provided as
part of the Logistics vehicle. The assumptions used for weights
planning purposes are:
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Weights: assume 1.0 1b/man-day = 540 1b frozen food
wt/ft3 = 10 10763 = 54 £t3 frozen food
Volume: used 30 ft3 of storage space for the 22.5 ft
. frozen food required for 3 people X 180 days.
(Refrigerated Food)
The refrigerator will be used to store leftovers or to thaw
frozen food. Used a 10 ft3 refrigerator. THis number was based

on Skylab experience.

3 of

Water
The MSP will be required to accept water from the logistics system
by (1) replenishing onboard tanks with a transfer system, (2)
replacement of onboard tankage or (3) logistics system tankage
connected into the MSP water dispensing system. Tankage connected
into the MSP water system is favored concept. Assumptions:

Weights: Drinking water 1.5 1b/man-day

Rehydration water = 4.0 1b/man-day

5.5 1b/man-day
Volume: Used 28 tanks (15.5 dia X 35 1g) with a total volume

ot 80 ft3.
Life Support GH, and GO,
The MSP will behrequirea to accept atmospheric gases in the same
manner explained for water resupply. gﬂz and GO2 tankage onboard
the resupply craft connected directly into the MSP atmospheric
svstem is the favored configuration.

. Waste/Trash Disposal

Ultimately, the logistics system will return the waste/trash to
earth. A limited volume will be available in the MSP for trash
management. To increase the efficient utilization of the available
volume, a compactor is recommended. Assumptions are:

Wet and dry trash compacted to 0.38 ft3/man-day.

0.38 ft> X 540 man-days = 205 ft3

module.

storage required in Logistic
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Personal items such as clothing, washcloths and towels are the throw-
away type and will ultimately be returned to earth. Each MSP crew
compartment includes storage volume for a 90-day supply of personal
items with soiled elements being returned to the original storage
position or placed in the trash management system. Volume
assumptions are:

1.7 1b/man-day

1 crewman X 180 days = 306 1bs requiring approximately 18 ft

storage per crewman.

18 ft3/man X 3 = 54_ft°

3

6. Non-consumable/Expendable Items
Initially, items such as batteries, black boxes, valves, pumps,
etc., would be designed with built-in redundancy for high probability

of completing the mission. However, the logistic system will be
required to provide spares accommodation to support the MSP
subsystems at the LRU level to maintain 90 days operation with a
reliability of TBD. ECLS filters, chemicals, seals, etc., are
considered scheduled replacement items and require resupply by the
logistics system. Assumptions are:

Maintenance and Housekeeping Supplies

4.1 1bs/day X 180 days = 720 1bs

estimated 15 1bs/ft3 = 720/15 = 48 ft> required

The wide spectrum of operations in prospect for the Manned Space Platform must
be defined, scoped and evaluated for criteria on which the supporting systems
are to be designed. Figure 4.2.3 3-7 outlines the types of situations and
corresponding accommodation coi.siderations anticipated. Figure 4.2.3.3-8
charts the flow of exchange or resupply items in the case of a Shuttle-tended
mission. However, the same general flows apply to the case where the logistics
module is removed from the cargo bay and attached to the Platform for a 180-day
stay. Figure 4.2.3.3-9 illustrates the various sizes and types of equipment
packages which must be accommodated in the logistics loading and unloading
procedures and modules. '
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Figure 4.2.3.3-7

ON-ORBIT PAYLCAD veKsoam
EXCHANGE PROSPECTS

Objectives| — Etficiency in Planning and Operations

— Protection of Payloads, Crew, Plattorm, and Orbiter

| Situation Ditterences | — Individual Versus Groups (Whale Module) of Payloads

— Planned Objectives AchlevediTime)

— Unplanned (Unrepalrable aitunctions) (interim Replacement?)
— Ditterancas in Replacement Payload (Volume or Support)

lAccommodalIon COnslderallonsl - Structurat/Mechanical {(Removal and
Installation)
- Transport Mode
e Earth to Orbit and Back
individual Lockers (Cargo Bay)
Community Container (Cargo Bay)
Mid-Dock Lockers
» Orbiter to Platform and Back
VA andlor EVA
Transport Alds
— Power/Datal/Communications/Thermal
(Hooxi;* and CIO)
— Crew (Preparation and Teaining)
- Payload Modularity (Disassembly in Transit)

Platform
Interlor

To Orbiter Bay

Figure 4.2.3.3-8
ON-ORBIT PAYLOAD VEKSO0IN
EXCHANGE PROSPECTS

£ L .- ~ l
i ’I I

[} ' X
AR 1V 4
VL eOnr i 2RO
\ —

~

System Influences
y. Size of Roplaceable Unit Q@ Payload Operating Location
¢ Ease of Removal and Installation O Payload Shipping Location
* Crow Time and Aids Required -== Relocation Route
« Shipping Installation Flexibility (Via RMS, EVA, and IVA)
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MSP EQUIPMENT CHANGEOUT OPTIONS

Module or Pallet Levsl

¢ Minimum Number of
Connectlons

¢ Dedicated Module

¢ Minimum Crew
Time/Training

¢ Simple Operations
* Large Weight Penalty

Subrack
¢ Many Connectlons

* Too Small for Some
Equipment
e EVA for External

e Complex Design
o Crew Time/Training

VFKS04N

Component
« Most Connections

¢ Too Small for Some
Equipment

o EVA For External

¢ Complex Designs
¢ Much Crew Time!

Tralning
) Interfaces
¢ Liquid — Quick Disconnects e Structural — Captive Fasteners/
Release

* Vacuum — Shutoff Valves
* Gases — Ha, Oy, N3, CO2

* Cooling Ailr — Ducting
e Cablas — CDMS and Power

/
Mission Payload Logistics - In addition to providing sustenance for the crew,
the MSP logistics system must be capable of supportirg the payload mission

objectives. Logistics requirements for the payloads range from live primates
for Life Science experiments, to 0TV resupply propellent. A cursory evaluation
of the type of equipment to be accommodated and type of carrier that may be
involved was made to determine the impact on MSP design. This evaluation is
summarized in Figure 4.2.3.3-10. The three types of carriers identified indi-
cate three types of resupply transfer: (1) IVA transfer from the pressurized
module, (2) EVA transfer from palletized experiments and (3) remote handling by
the Orbiter RMS and/or an onbo-rd manipulator. A composite configuration is
shown in Figure 4.2.3.3-11 in an attempt to identify the impact and to evaluate
the basic MSP configuration in tenms of payload logistics. It appears that a
growth version of the MSP utilizing a second adapter can provide adequate berth-
ing accommodations; however, access to these ports is questionable and will
require a detailed evaluation with specific payload elements and mission
objectives.
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Figure 4.2.3.3-10
PLATFORM DESIGN CRIVERS FOR MISSION PAYLOAD LOGISTICS

TYPE OF CARRIER
el e e R

b
TYPLOF EQUIPMENT IO feonTROLLED ENVIR
St ACCOMMODATED {ORBITER MIDDECK
OR NEW MODULE) rALLEY SELF CONTAINED

LIFE SCIENCE [
SPECIMENS AND/OR X x
| erimaTES . .
[ ELLCTADPNORESIS X
| RESUPPLY uNIT ]
nuum nmctssuw
EXPERIMENT x x X
nmms Sl . .
0TV LAUNCH X X
CONTROL CNETER . . _{
—— - .
MISSION COUIP
COMPONENTS FOR x x
ASSEMBLY
(ANTENNA PARTS,
[1{4]

ASSEMSLY TOOLS AND x x
| SUPPORY EQUIP e———— . RS SR
OTV AESUPPLY x
PROPELLANT
SPARLTARTS FoR
N POWER SYSTEM x
- o PSRENOOST MODULE x
* PRESSURIZED x x
MOOULES
o EXTERWAL X
EXPERIMENTS
o EXTERNAL
s STORES x x
(LIQUIDS. GASES, ETC)
FItM, TAPES
PHOTO EQUIP, AND x
SENSORS

PR, [ LY (VU RS

LIFE SCIENCE
 SuRGicALtour X . -
TELCOPERATOR 1

MAREUVERING x
SYSTEMS (TM/S!

Figure 4.2.3.3-11
MISSION EQUIPMENT LOGISTICS COMPOSITE CONFIGURATION

_ELECTROPHORESIS
" RESUPPLY UNIT

PALLETIZED SPARE PARTS AND EXTERNAL
MATERIAL PROCESSING EXPERIMENTS

OTV LAUNCH
” CONTROL CENTER
.. ‘  PALLETIZED COMPONENTS
gl '.-/ /" FOR ASSEMBLY (ANTENNA)
vl 7 ’
A
L

MATERIAL - [E %
zggggﬁ's"‘”crs o LIFE SCIENCE ¥ [&:'

SPECIMENS ANDIOR R \—/

PRIMATES H{ é
e FILM, TAPES, PHOTO Eaue !E[f H
o INTERIJAL ELECTRONIC . Ly
COMPONENTS TELEOPERATOR
o INTERNA'. MATERIAL MANEUVERING

PROCESSING EQUIP UNIT
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There are numerous situations envisioned for the Manned Platform wherein the
Shuttle may not fulfill a logistics or contingency requirement. The Shuttle
itself may be experiencing some problems which call for it to remain grounded
pending resolution. This could, under unusual, but foreseeable, circumstances,
apply to all Shuttles. In this event, situations may arise wherein support of
the Manned Platform is in jeopardy and some alternate visit capability would ke
required, to provide supplies or reboost propellant. Also, there may be
occasions where some logistics are required by the Platform, but the investment
involved does not warrant a Shuttle flight, shared with another mission or not.
Here again, some low-cost logistics system is warranted.

Figureb4.2.3.3-12 i1lustrates a concept based on the low-cost, quick reaction
Delta vehicle, which could deliver approximately 65 ft3
the Platform.

of volume type cargo to

Thus, it appears advised to provide, as the Russians do, some unmanned, relative
low-cost system to fulfill contingency needs of the Platform. In the section on .
Recommended Concept Summary (Section 6), additional details of the vehicle desig
proposed here are presented.

Figure 4.2.3.3-12
\CONTINGENCY UNRMANNED LOGISTICS

This System Provides Quick-Reaction
Support In the Event That:

G) The Shuttle Cannot Revisit
the Mannad Platform in a
Timely Manner, or,

(@ A Need Arises for Minor
Logistics That Does Not
Warrant a Shuttle Flight;

Mission-Shared or Dedicated

Characteristics

# Moditied Delta Upper Stage
s MSP Reboost Capability
= 65 113 Emer Cargo Volume
(EVA Unloaded)
® Remote Control
Dock/Realtime

{Salyut Uses Progress

Vehictes for This Function] ({.
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4.3 OPERATIONS ANALYSIS
The success of the Orbiter and its payload programs depends on efficient ground
operations. As this activity is developed for both Orbiter and Spacelab, it
was assumed, for purposes of this study, that the MSP would be similar to
Spacelab in prelaunch and post mission support. Thus, the Spacelab ground
operations can be immediately evaluated as a first step in the evolutionary
growth to the Manned Space Platform era. However, an entirely new dimension
for KSC Operations will be in the area of sustaining logistics and is touched
on briefly here.

in orbit, the free-flying Manned Space Platform will be involved in orbital
rendezvous and berthing, addition and removal of modules and autonomous flight
operations. The role of the crew will assume a new dimension in the continu--
ing operation of a long-duration Space Station supporting a demanding payload
program; therefore, crew safety techniques and orbital operations must be
employed that are consistent with precedents and standards established on
previous manned spaceflight programs. To ensure the early application and
consideration of operational and crew safety factors, the operations analysis
was conducted in conjunction with the development and selection of MSP
configurations.

4.3.1 Prelaunch/Launch Operations
The ground operations phase of a manned space program encompasses many distinct

tasks and operations including prelaunch preparations, checkout, launch and
post landing turnaround. Figure 4.3.1-1 illustrates the launch loading arrange-
ments for the activation and logistics of the Manned Space Platform.

SASP Manned Module Launch Processing Summary
Figure 4.3.1-2 summarizes the launch processing activities for the three SASP

flights required to establish the manned module operational configuration

on-orbit.

The first flight will follow a standard vertical processing flow due to the
hazardous reboost module (hydrazine propellant). Payload on-line operations
are compatible with Orbiter assessed turnaround timelines.

186
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Figure 4.3.1-2

MANNED MODULE LAUNCH
PROCESSING SUMMARY

o Standard Vertical Processing Flow Due to Hazardous
Reboost Module

o Compatible with On-Line Turnaround Timeline
© No Spetial Payload Cperations

| Second Flight |
e Standard Horizontal Processing Flow
o Expendables Lnaded in O&C Building
o Compatible with On-Line Turnaround Timeline

Third Flight

e Modified Horizontal Procdssing Flow
(Life Science Payload)

o Expendables Loaded in O&C Building

e Cargo Bay Doors Opened on Pad for Live Specimen
Installation

o Turnaround Timeline Extended 10 Hours

VFR224
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The second flight will follow a standard horizontal processing flow with ‘ (j—)
expendables {oxygen, nitrogen, water and food) being loaded in the 0&C build- -
ing. Al1 payload activities are cdmpatible with turnaround timelines.

Pl i e o

A modified horizontal flow is recommended for the third flight. The modifica-
tion requires the payload bay doors be opened at the pad for live specimen
installation in the life science facility. This adds 10 hours to the horizontal

k0 i i LiE et aaiacs

. turnaround timeline.

: The three payload elements (Space Platform, reboost module and solar science

i payload) will undergo final assembly and system test in appropriate payload
processing facilities at the launch site (see Figure 4.3.1-3). A Space Platform
_ closed loop test will be performed via the ground control center communications
? systems. The reboost module will have propellant loaded in a hazardous servic-
ing area (i.e., ESA-60). Cargo integration and interface verification, via
CITE. will be performed in the Vertical Processing Facility. The docking

ol Figure 4.3.1-3

MANNED MODULE
LAUNCH PROCESSING

Space Plattorm F'RST LAUNCH Ort;he:"l:nic(::;:;ng
ESA-60 . >3 achiity
> .= ) n‘

'IOF LI
I i ) o Docking Module h

Instatlation
Launch Pad
Reboost o Reboost Module -

Module Loading

Payload Processlng Facility ,-,7 5
b= K _
L A | Iﬂ | /y e
~=an : /
¢ Final Assembly Cargo ln*tallanon
o System Test Venical Processing Factity e Interface Verification
e Closed Loop Test e End-to-End Test

VFR226

Y

™

il G

Solar Sclence
Payload

e Cargo Integration l
® CITE Test
e End-to-End Test
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module would go directly to the Orbiter Processing'Facility for installation
in the Orbiter (assumes the module was utilized on previous unmanned Space
Platforms). The cargo will be transported to the pad in a vertical position
and installed in the Orbiter via the Rotating Service Structure.

For the second launch, the three payloads (airlock module, EOS payload and
earth science payload) will undergo final assembly and system test in appro-
priate launch site payload processing facilities in a similar manner as the
first flight payloads (see Figure 4.3.1-4). Since all payload elements are
non-hazardous, cargo integration and interface verification will be accomp-
lished in a horizontal mode in the Operations and Checkout (0&C) building.
Airlock module consumables items will be loaded onboard as part of final
operations. The cargc will be horizontally transported to the Orbiter Process-
ing Facility and installed in the Orbiter cargo bay. There are no payload
operations performed at the launch pad on this flight.

Figure 4.3.1-4

MANNED MODULE veR2zs
LAUNCH PROCESSING
SECONRD LAUNCH

Alrlock Module

0&C Building /

Launch Pad

R

1*‘3g" >
;I \“
' X e Cargo Integration
EOS Payload o CITE Test

\ Payload Processing Facility e Consumables -
Loading .
i RESERA L ¢ Launch
Earth Science TR o ,
Payload Orbiter Processing
A e Final Assembly Facility (OPF}
§ ® System Test =T
v,
/ ﬂ o Docking Module
- Installation

e Cargo Installation
e interface Verification
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For the third launch (see Figure 4.3.1-5), the logistics module and Tife science
facility payloads will follow a horizontal launch processing flow similar to the
second launch. The only difference will be live specimen installations for the
life science facility at the launch pad. This will require opening the Orbiter
cargo bay at the pad, since there is no direct access capability from the mid-
deck to Tife science facility.

Figure 4.3.1-5

MANNED MODULE R
LAUNCH PROCESSING
THIRD LAUNCH

Logistics Module O&C Building . _

Ty / g Launch Pad

ay 1' - %

Lt G ;Eﬂaul

254 ™ '2 4 vt. 'y
\, e Cargo Integration Sy

o CITE Test § LY
Payload Processing Facllity @ Consumzbles o /
Loading
Life Science ‘z o Live Spacimen
Facility SErn SR Instaliation
. /J e Launch
® Final Assembly Orbiter Processing
e System Test Facllity (OPF)
4 o G

29239723“
: ® Docking Module
Installation

e Cargo Instaliation
® interface Verification

Figure 4.3.1-6 presents the various manned module ground flow option on-line
timelines applicable for the first three flights. All timelines were based on
the Shuttle assessed timelines in STAR 020.

The flows for payload "Installation in the OPF" would apply to Flights 2 and 3.
Flight 2 would follow the 365-hour flow with all payload operations performed
in the OPF. The Flight 3 flow is similar but adds 10 hours series flow time
at the launch pad for live specimen installation (375-hour total_flow).
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ven?
- MANNED MODULE
( FLOW OPTIONS
¢ 3 240 %0 4
Working Hours
Wi (114) OPF Ops
— }(155) VAB Ops
in OPF o 1(95) Pad Ops
JAN
365
Live Specimen (105) Pad
Installation mo»
- 375
— ——1(109) OPF Ops

](156) VAB Ops

—
alra Module and LIve —prrrmmr——prm (115) Pad
Specimen Instl AQos

380
Payload Operations
( Flight 1 would follow the payload "Installation at the Pad” flow with a 380-

hour timeline. A1l payload on-line operations would be accomplished at the
pad due to the hazardous reboost module. This flow option was also investi-
gated for Flight 3 (live specimen installation), but resulted in a 5-hour
longer timeline.

The major role of KSC in the long term logistics support of the Manned Space
Platform is outlined briefly on Figure 4.3.1-7. Involved in such activities
are extensive planning, storage, checkout refurbishment and consumables
handling. '

At least two ground operations tasks have a direct influence on the vehicle
configuration. These are the internal access requirements after installation
in the Orbiter cargo bay and the checkout/loading interface umbilicals. A
cursory investigation of the internal access has been made; however, the
umbilical locations are the subject of a preliminary design effort.
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Figure 4.3.1-7 (; ‘)
KSC ROLE IN LOGISTICS . veR2r2 "

8 Manned Platform Loglstics Management

o Requirements Analysia
@ Planning and Scheduling
o Facilily Utilization

o Tralning

o Operations Control

W Logistics Integration Operations
¢ Manned iModule Support
® Space Platform Support
@ Interior Payload Modules
e Exterior Payload Modules

e Large Structure Build Up
e OTV Basing/Resupply

@ Spacecraft Servicing

o Subsatcilite Servicing

# 180 Day Logistics Module Turnaround (Typlcal)

e Untoad

® Returbish

o Load Internal/Externally
Stored Consummables for

o lLoad Payload Resupplies

¢ Load New Payloads

o Load On-Orbit
Operations Aids

Manned Modules and
Space Platiorm

® Training for On-Orbit Logistics and Related Operations

The MSP vehicle has four individual elements to be considered: the airlock/
adapter, habitability/payioad module, logistics module and payload modules.
The logistics module should not require late access as it is relatively inert
with regard to internal subsystems. Access to the other modules may be
required during the prelaunch phase.

The basic MSP airlock/adapter and habitat are positioned in the cargo bay as
shown in Figure 4.3.1-8. The two modules are not attached and the adapter is
not attached to the Orbiter berthing system. As a re-uit, direct access to
the habitat is not possible in either the Orbiter Processing Facility (OPF) or
at the launch pad. Indirect access to the habitability modules is possible in
the horizontal or vertical position through the adapter berthing port locatecd
on the +Z axis, through the aft port and irto the habitat. Since neither of
these modules require loading of live specimens, it is suggested that all
internal access operations be completed prior to MSP/Orbiter integration.

Size and location of payload modules indicate access will he possible in both : :
orientations of the Orbiter including the launch pad.
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Figure 4.3.1-8
CARGO BAY ARRANGEMENT

SrenER,
£
EF AIRLOCK/
SYSTEM (REF) ADAPTER
' MODULE
EXTENDED ~ RMS STA

Xo 515.07&.4-3‘-_. X0879.5

Zo 500.0

Xo711.07 Xo&2513 X0939.20 Xo 1028.67 \ Xo 1124.07 Xo 1230.27

TWO.SEGMENT
X0 660.0 HABITASILITY
X0620.60 X0 G63.00 MODULE

Early platform launch options were investigated for two on-orbit cases: (1)
Power System on-orbit and (2) no Power System on-orbit. A summary of these
options is outlined in Figure 4.3.1-9. In addition, the favored MSP configura-
tion was derived from a series of operational considerations shown in Figure
4.3.1-10.

4.3.2 On-Orbit Operations

4.3.2.1 Requirements
The major MSP on-orbit operational requirements are shown in Table 4.3.2.1-1.
These requirements must be satisfied for-all MSP confiqurations.

4.3.2.2 MSP QOperational Methods

The primary requirement of any operational method is to access all payload
attach points on any cluster arrangement. This is true for initial attachment,
payload removal and/or exchange and for experiment maintenance. Since the
Orbiter is 1imited to a single rendezvous/berthing operation, it requires that
all MSP elements be accessible from a sinqgle position. However, as the MSP
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EARLY PLATFORM LOAD-PER-LAUNCH OPTIONS { J

11

Power System on Orbit

reoeeo < VFKS00N

No Power Systom on Orbit

Launch (@ Regular Adapter/Airlock,

Launch @ Short Adapter/Airlock,

?:3523’ Logistics Rack and Short Power Systoem and
Platform 2-Segment Spacelab 2-Segment Spacelab

Launch (@ Ragular Adapter/Airlock
and 3-Segment Spacelab

Launch @ Regular Alrlock/Adapter
and 3-Segment Spacelab
[Power System Goes in}

ET Rumble Seat

Launch @ Logistics Rack and
Reboost Module

Launch (@ Regular Adapter/Airlock
and 3.Segment Spacelab
Manned Regular Adapter/Airiock
Free- and Payload Berth Beam
Flying in ET Rumble Seat
Platform
Launch @ 3-Segment Spacelab and
Logistics Rack

Launch (@ Regular Adapter/Alrlock,
Reboost Module and
12.5 kW Power System

Launch (@ 3-Segment Spacelab,
Logistics Rack

Launch @ 3-Segment Spacelab,
Adapter Airlock and
Payload Berth Beam

Launch ( Ono 2-Segment Spacelab,
Regutar Airlock Adapter
and Logistics Rack

Launch @ Two 2-Segment

Spacelabs

Figure 4.3.1-10

Lzaunch @ Regular Adapter/Airlock,
Reboost Module, and
12.5 kW Power System

Launch @ Two 2-Segment Spacelabs
and Logistics Rack -

OPERATIONAL CONSIDERATIONS IN CONFIGURATION DEVELOPMENT

e Activation (Assembly of):

o [Power System ] + [Adapter-Access Module |

. IPower Sysleﬂ + [Adapler-Access Module l + IManned Moduleﬂ

Tended Free
Flyer Only

* [Power System | + | Adapter-Access Module | + [Manned Modute 1] + [Logistics Module|

¢ Capability Expansion (Add):
* {Manned Modute It it}
. lDual Adapter-Access Modtﬂ

* |Experiment Modute(s)]

. lExlerior Payload Support Beam]

¢ Payload Addition/Removal/Support

Interior Payloads
Exterior Payloads

¢ On Adapter Access Module
¢ On Exterior Payload Support Beam
* Platiorm Resupply (Exchange)

Logistics Module
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Table 4.3.2.7-1
MSP ON-ORCIT OPERATIONAL HEQUIREMENTS

® MSP ELEMENTS TO BE REMOVABLE FROM CARGO BAY USING RMS,

¢ MSP INITIAL HABITABLE MODULES TO BE AUTOMATICALLY VERIFIED
BEFORE MANNING.

¢ HMSP TO BE DESIGNED CAPABLE OF ON-ORBIT CLUSTER RECONFIGURATION,

® FPAYLOAD CARRIERS AND/OR MODULES TO BE INSTALLED, REMOVED OR

EXCHANGED USING SINGLE RMS.

¢ BERTHING PROVISIONS TO BE INCORPORATED 70 PLACE ALL PAYLOADS

WITHIN RMS CAPABILITY.

® ALL PAYLOAD CARRIERS TO BE EQUIPPED WITH UNIVERSAL BERTHING/

UMBILICAL MECHANISM AND STANDARD RMS GRAPPLE FITTING.

® PLATFORM ORBIT-KEEPING FUNCTION 1O BE PROVIDED BY POWER SYSTEM

AND/OR ORBITER AS REQUIRED.

PERIODIC SERVICING AND MAINTENANCE TO BE PERFORMED BY EVA
CREWMAN WITH ASSISTANCE OF RMS.

MAINTAIN A POSITIVE ATTACHMENT BETWEEN ORBITER AND MSP DURING
ASSEMBLY AND/OR SERVICING OPERATIONS.
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grows in complexity, multiple berthing provisions will be required at discrete i; ‘
locations. The current favored operational method is using a single RMS with “')
rotation capability incorporated in the Orbiter berthing system interface

mechanism. The first order Space Platform rotating berthing mechanism, shown

on various figures, is defined in Document MDC G9246, "Conceptual Design Study

SRS,

;% of a Science & Applications Space Platform (SASP)," dated October 1980.

51 " A standard handling method will be required to remove/replace payloads in the

;é Orbiter cargo bay and attach/remove payloads from the MSP. The RMS end effector
§§- and grapple fixture were selected as the standard system. A grapple fixture,

?% as defined in the Space Shuttle System Payload Accommodacions Handbook, JSC

5 07700, will be required on each module and/or pallet.

£

?%' The payload/MSP berthing attach points will not be visible to the eye of the

fé RMS operator attempting to position the payivad. Therefore, some type of

g% visual assistance will be required. The current favored concept is use of

»

o " TV cameras mounted at each berthing port incorporated in the design of the
> active interface mechanism. L

The method incorporated for placing the first order Space Platform on-orbit is
shown in Figure 4.3.2.2-1, As shown, the Power System is berthed at Orbiter
Station Xo 550 by means of a rotating berthing adapter. This adapter inter-
faces with the Orbiter berthing system and provides rotational capabilities at
both interfaces. Each payload berthing port can be accessed by the RMS with
the SP in this location. Access to the (+Y) port is made possible with rota-
tion about Station Xo 550 and/or Station Xo 633.

Access to elements of the basic Manned Space Platform (MSP) is shown in Figure
4,.3.2.2-2 (sheets 1, 2 and 3). The MSP is berthed to the Orbiter along the (X)
axis and interfaces with the Orbiter berthing system at Station Xo 633. From
this position, the RMS has access to the SP (-Y) axis payload and the (-Y) axis
> payloads berthed to the airlock/adapter module, plus access to the adapter +Z
payload. Access to payloads mounted on the (+Y) axis of both SP and adapter

% require rotation about the interface at Orbiter Station Xo 633. The SP parking
;§ port on the +Z axis is not accessible by the RMS with payloads berthed to the

adapter +Z port; therefore, a parking port is made available on the payload :
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%igure 4.3.2.2-1
1STORDER SP DEPLOYMENT

8 Deploy and Attech SASP 8 Remove @ Remove Solar
Berthing Adapter Payloed Berthing Terrestriel
To Orbiter Barthing System Arms and Instal Payload and Position
® Remove Power System on +Yand +X Axis On-Y Axis Berthing
From Cargo Bay and of Power System Arm
Position on Adapter 8 Verity Systems and
Place On-Orbit

® Deploy PS Components
and Verity

support beam. The support beam is berthed to the adapter +X port with rota-
tional features that enable it to be moved away from the cargo bay permitting
access to items being deployed from the bay. Modules being replaced can be
placed on the beam until space becomes available in the cargo bay and final
exchange can be made.

Access to the SP reboost module or other elements in that vicinity, requires
the SP/Orbiter be berthed as shown in Figure 4.3.2.2-3. Reberthing of the MSP
will be necessary if crew transfer is required during any phase of this partic-
ular mission. It is anticipated that reberthing can be achieved with the RMS.
If reberthing is not practical, incorporation of a second RMS, aft mounted in
the Orbiter cargo bay or an onboard manipulator sized to reach SP components,
are feasible alternatives.
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4.3.2.3 Basic MSP Orbital Operations

The basic MSP operational buildup shown in Figure 4.3.2.3-1 begins with the
launch of the first order Space Platform and one palletized payload. Following
system verification and activation, the SP is placed on-orbit. The second
launch delivers the airlock/adapter and the habitability module. Follaowing
deployment and verification of the Orbiter berthing system, rendezvous with
the SP is accomplished and the SP is berthed to the Orbiter. After interface
verification, the RMS removes the SP (+X) payload arm and positions it on the
SP parking port. The airlock/adapter is then removed from the cargo bay and
berthed to the SP (+X) port. Following verification of interface, the SP is
released from the Orbiter with the RMS and the SP berthing arm is stowed. The
RMS then berths the airlock/adapter to the Orbiter. Checkout of the adapter
subsystems, etc.., can now be performed in a shirtsleeve environment. After
checkout, the assembly is rotated to the (+Y) axis and the habitability module
is positioned on the adapter (+Y) port. The cluster is then rotated to the X
axis and the MSP is manned. Following all systems checkout, the cluster is

placed on-orbit with a crew of three and supplies for 90 days plus 30-day
contingency.
201
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After 90 days maximum, the resupply launch delivers the logistics module, one
element of the life science experiment, and the earth-looking payload. Follow-
ing rendezvous, the RMS captures the MSP and performs operations to join the
&SP/Orbiter. After verifying the interface crew transfer can be accomplished,

-using the RMS, the logistics module is removed from the cargo bay and placed

on the adapter (+Z) port and the life science module is placed on the (-Y)
port. No rotation is required to accomplish these berthings. In order to
position the earth-looking payload, the RMS first removes the short payload
beam from the SP parking port and places it on the adapter +X port. The pay-
load pallet can then be removed from the cargo bay and positioned on the short
beam. On a subsequent resupply flight the extended payload support beam is
delivered and exchanged with the smaller first order arm. After the assembly
sequences are complete, the crew will transfer between the MSP and Orbiter and
begin the debriefing and information exchange between the returning crew and
the replacement personnel. Provisions are provided in the basic concept to
permit several days of such briefings. The Orbiter will remain attached to
the MSP during this period.

Flight operations are based on a 90-day rotation of the flight crew; however,
resupply cycle is based on a 180-day rotation. This permits full use of
alternate flights for payload support. As a result, the fourth launch delivers
the second portion of the life science experiment pius a material science pay-
load, as well as exchange crew. Personal supplies and unprogrammed logistics
are delivered in the Orbiter mid-deck.

Following delivery of the life science modules, earth, solar and material pro-
cessing experiments, the MSP is a complete operating manned orbital facility.

4.3.2.4 MSP Growth

The basic concept provides a number of growth options leading to expanded
facilities, crew size and operations. The basic design can provide for the
support of satellite servicing and/or the assembly of large space antenna/
structures. The crew-supported functions necessary to achieve these capabili-
ties are inherent in the basic concept. Figure 4.3.2.4-1 illustrates two
possible growth concepts for the basic radial clustered MSP and Figure 4.3.2.4-2
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illustrates the growth possibilities for the linear cluster arrangement; In ‘ )
all concepts evaluated during the study, multiple berthing provisions for the (\
Orbiter were required to minimize MSP/cargo bay obstruction.

0TV operations on the Platform represent a very complex activity as spelled

out in a previous section (Section 2.7.11), OTV Basing. Many details regarding
the nature of such an activity and the impact on the Platform were descirbed in
that section.

In order to highlight the unique operational considerations in prospect for
0TV basing on the manned Platform, the following four figures are presented
here to complement those given earlier in this report.

Figure 4.3.2.4-3 illusrates the overall confiqurations for 0TV basing and
Figure 4.3.2.4-4 the launch sequence envisioned. The various types of opera-
tions and facilities are given in Fiqure 4.3.2.4-5 and a comparison, for each
subsystem, as to crew checkout ‘n-orbit will vary from the classic methods
used on the ground (Figure 4.3.2.4-6).

Figure 4.3.2.4-3
. MANNED PLATFORM FOR 01V OPERATIONS

VFO794

, Habitability Module

; OTV.Payload

/ Checkout &
Launch Contro!
Center

» Maniputator

Logistics
Module

, Payload
Teleopertor / Support
Mancuvering

System (TMS)
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0TV CHECKOUT ON PLATFORM

VFOT33
| How Difterent From Ground? |
Propulsion
o Leak Checks e Limited (or No) On-Line Replacement
o Valve Functional Checks of Hardware
o Instrumentation Calibration
Thermal ® Multiple Firing (Use of Cryogenic Engines
v with Minimum C O
e insulation
e Heaters
o Limited Crew Size — Maximize Seli-
Mechanical Checking and Computer C.O
¢ Engine Gimbaling
e Berthing Mechanism -— Separation
° Payloadg OTV Separation and Berthing ® On-Orbit Updating ot Controls Software

Electrical

o Power Subsystem Checkout
e Guldance and Navigation Subsystem
e Telemetry and Comm System o Limited Power Resources

o Limited Data Processing Capability

Avionics

- » Data Management Subsystem
e ComputerCO

o Limited Capability For Cooling Electronics

4.4 MAINTENANCE, RELIABILITY, AND SAFLTY ANALYSES

Past space missions have demonstrated that on-orhit maintenance capability can
significantly contribute to achieving mission success. However, these missions
have shown the need for increased emphasis on maintainable design of systems
and equipment both internal and external of the manned Platform, '

The high deovee of reliability designed into Platform systems cannot alone
insure mission success, since it is impossible to anticipate every failure
which might occur. An on-orbit maintenance capability can provide a means

of overcoming the effects of unanticipated tailure or damage and can preserve
the high inherent reliability of the systems and equipment.
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4.4.1 Maintenance Philosophy and Assumptions
The criteria presented here and to be included in the "Manned Space Platform
Design Guidelines and Criteria" document (Appendix C), are based on the follow-

ing assumptions, concerning maintenance philosophy, and mission objectives
relative to development of an on-orbit maintenance capability.

On-Orbit maintenance will be performed on the manned modules and
on. retrieved and/or revisited vehicles.

The Manned Space Platform elements to be designed for ten-year
mission with no maintenance.

Subsystem design is to provide for orbital maintenance.

Although planned maintenance will be minimized, scheduled
on-orbit maintenance will be performed as a means of

preserving system and equipment integrity through replace-
ment of life-limited components, servicing and adjustment.

Unscheduled on-orbit maintenance will be performed to restore
system and equipment operations and to restore failed or mal-
functioning redundant items for which pre-planned maintenance
support requirements have been established.

Where feasible. contingency on-orbit maintenance will be
performed whenever unanticipated damage or failure occurs
which could jeopardize mission success or safety of the
crew.

The capability for module replacement for subsystem main-
tenance to be considered as an unscheduled major event
resulting from an accident, not a failure.

Both EVA and 1VA maintenance will be considered.

Manned Platform elements requiring EVA maintenance should be
designed for two-man operation,

Whenever practical, experiment or support systems are to be
designed such that on-orbit replacement can be made at the
"black box" level.

On-orbit maintenance capability in the form of tools, spares,
repair materials, maintenance equipment and pracedures will

be provided for support of planned and contingemcy maintenance.

Astronaut transports maintenance items from storage to worksite.

EVA astronaut will also transport tools/aids and establish
personal work restraint,

209
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N. A1l panels, cable trays, consoles, and equipment racks will be
considered potential maintenance areas with the following
criteria.

0. On-orbit repair will be considered for non-critical components
(cameras, recorders, etc.). Repair of other components will
be considered if repair of the component would be less complex
than replacement or calibration, alignment, and adjustment is
not required.

P. Equipment determined to be critical for crew life support or
MSP survival will require onboard spares.

Q. MSP subsystem design concept to incorporate a fail operational/
fail safe philosophy thus increasing reliability with backup
systems. As such, the maintenance of any given failure can be
done on an as-required basis.

4,4.2 Reliability/Maintainability Approach

The objective of detail design effort will be to optimize the MSP in light of

orbital maintenance philosophy, cost constraints, and Orbiter payload require-
ments. In order to accomplish this, an approach shown in Figure 4.4.2-1 will

be used. Key analysis will include: subsystems, and system-level analysis to
identify "weak 1links" of the system, Féilure Mode and Effects Analysis (FMEA)

to identify single failure points and component failure mode effects on the

system, safety anélysis to identify safety critical equipment and design issues
that meet the minimum requirements of NHB 1700.7, plus trade studies to support
objectives.

Since design concepts are developed in parallel with the reliability, maintain-
ability and safety analysis efforts, it becomes necessary to develop and use an
analysis method that will allow rapid evaluation of proposed design and design
alternates in order to provide positive and timely design recommendations.

The heart of the analysis consists of a computerized math modeling technique.
Inputé include: failure rate and duty cycle data, and @ math model which
summarizes and documents the equivélent impacts of a formal FMEA. This model
is the equivalent of those described in MIL-HDBK-217 and can solve series,
parallel, standby, binomial, Poisson or Bayes types of reliability models in
any combination necessary to represent the system.
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Figure 4.4.2-1
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Outputs of the computerized models result in a direct calculation of the system
reliability and number of expected failures with respect to any time inputs. A

ey

significant part of the solution output is a sensitivity analysis which indicates
the direct change in the overall system reliability if any one component failure
rate were ten times more or less than the value assumed in the basic input data.

4.4.3 General System Analysis

4.4.3.1 Component Versus System Reliability

Figure 4.4.3.1-1 indicates the variation in subsystem (or system) reliability
than can be expected when a single element (component) of the system is treated
as a variable. This general mode} assumes that the system consists of many
components that will range from .9975 to .9995 reliability resulting in a mean
system reliability of approximately 0.95. When the component reliability is
less than the system mean, the component becomes the "weak 1ink" or driving
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element of the system. Conversely, when the component reliability is greater
than the system mean reliability, other clements of the system become the "weak
Tinks" and it is not cost eftective to attempt to improve the variable component
reliability. |

4.4.3.2 Reliability Versus Redundancy Versus Time

Figure 4.4.3,2-1 indicates the effects of making the weakest link system com-
ponent redundant.  The failure rate of the system component is assumed to be
fixed at 10 x lu'b failure/hour (this is an average failure rate of most “black

"

boxes™ that comprise a system). Since the basic system requirement is to
eliminate single point failures, the lowest design level is the "1 of 2" curve.
Redundancy curves with minimum operating to onboard equipment ratios greater
than 0.5 (1.e., 2 of 3 or 3 of ) represent “graceful degradation” rather than
pure redundancy application.  As demonstrated by the figure, additional redun-
dancy can extend the lite of the system fram 0 to b vears, but this is not the

most efficient way to achieve better system reliability,
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4.4.3.3 Reliability Versus Failure Rate and Redundancy

The most efficient way to achieve long-term system success is through lowered
equivalent item failure rates. Figures 4.4.3.3-1 and 4.4.3.3-2 indicate the

i probability of system success of a system as a function of the weak 1ink com-
ponent (equivalent item) failure rate and various designed-in active and stand-

by redundancy levels. The figures indicate trends for 2 and 5 years, repsectively.

4.4.4 General Conclusions
E The following conclusions result from the above general system analysis:

A. A quantitative math model coupled with a sensitivity analysis
will be capable of identifying system "weak links."
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B. Designing redundancy into the high risk elements of the system
© can result in system improvements. but are not as cost effective
-as reducing the basic equivalent item failure rates (i.e., strive
for the largest practical MTBF).

C. Low equivalent failure rates can be achieved by requiring internal
redundancy in addition tn potential unit level redundancy applications.

D. The most cost effective approach to a successful system is selecting
parts of a high reliability quality level as practical.

Trade studies have been conducted on other programs, to explore the cost effec-
tiveness of the "high reliability parts" approach. These studies concluded
that by adopting a "selective screening” rather than "100% high reliability"
parts procurement program, the MSP can achieve the equivalent to a high relia-
bility program with a considerable parts cost savihg.

4.4,5 Subsystem Evaluations

It will be necessary during the early portion of a preliminary design effort
(Phase B) to make subsystem model evaluations tn establish the basic charac-
teristics of the system-(i.e., reliability versus time), and identify weak
links so that improvements can be considered and evaluated. The current

: \ concern is the projected reliability of the baseline two-segment Spacelab
which has been selected as the habitat/payload module. The Spacelab has been
designed with high reliability parts and redundancy complying with a design
2% goal of 0.95 for a seven (7) day mission. The projected reliability is pro-
' jected to be 0.9539 for seven days. If we project the reliability of the
baseline Spacelab, without any modifications, to a thirty (30) day mission,
the reliability level becomes 0.8028. It is clear that to assure a successful

extended mission with the existing Spacelab design. chances to incorporate the
. capability for on-orbit maintenance is reguired. Inasmuch as we are starting

with an existing Spacelab design, we must achieve the most effective improve-

ment that is practical and economical. Thus, the approach should be based

' i upon (1) making select design changes, (2) introduce built-in redundancies in
g
problem areas, and (3) provide spares for replacement of equipment on-orbit.

= A detail analysis of the Spacelab subsystem was performed by ERNO, first to
: determine the baseline reliability as a function of time. It was found to
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be very sensitive to time. It also was determined that the CDMS represented
the most unreliability.

It will be necessary to perform a detailed reliability analysis to assure that
the selected Spacelab subsystem has all the proper changes to permit ¢ to
accomplish the longer mission. Other factors should be included in future
analyses. These factors include: (1) definition of the essential and non-
essential equipment; (2) considerations of the operational cycle for the
missions, reliability for a given item calculates to a higher value as it has
less active mission time; (3) consideration of mass, volume, cost, etc., versus
addition of spares or redundent units; and (4) considerations of degraded modes
of operations for certain equipment - for example, if one key on the command
keyboard fails, it is still possible to work around the problem.

4.4.6 Safety
In the early examination of new concepts such as MSP, safety awareness and

considerétions perform a very necessary function in alerting the designers to
preventative design features that can be readily incorporated and can eliminate
or control potential hazards during flight operations. During the conceptual
study mission, functional activities were determined and allocated to various
modules. These functional allocations are sunmarized in Table 4.4.6-1. These
functions involved the incorporation of subsystems with potential hazard sources
which influence their location. The proper support of a crew in a vehicle

such as MSP requires a number of functions dedicated solely to crew support

and safety including emergency provisions and hazard retreat areas. Contin-
gencies are provided for in the MSP basic configuration and remedial safety
aspects as onboard warning systems, 180-iour emergency supplies, 30-day
contingency supplies, escape routes, and Orbiter rescue are included.

The approach to achieving an acceptable level of safety for the MSP has
featured retreat-refuge (and recovery) rather than abandonment. Hazards

have been minimized throughout design, operations and conceptual configura-
tion effort, with special attention to location of potentially hazardous
material. Backup provisions will permit operation.of the MSP from either the
habitat/payload module or the airlock/adapter module with full recovery

C
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Table 4.4.6-1

SAFETY )
(MSF FUNCTIONAL ALLOZATIONS)
HMODULE
FUNCTION o
SPACE 1 AIRLOCK PRTLOAD
PLATFORM |HABITAT | ADAPTER LOGISTICS FINULE
e CREY SUPPORT
Eat .- Prire . retreat retreat - --
. Sleep -- Prire retreat retreat retreat
Hygiene -- retreat Prime retreat -~
. Atmosphere --
Storage external | external -
. H20 Storage -- internal | internal| internal --
{Vimited) |(Yimited) | (Prime)
. GN2 & GO2 Stores -- -- external | external --
. EC/LS -- Controls | Contrcls ! loop loop
. EvA - -- Airlock backup backup
e OPERATIONAL SUPPORT
. Thenual Radiator |loop loop loop loop
Service
. PS/ s, ] Fodule/ [Module/ Module/ Module/
« Berthing Systems Orbitey Fodule Orbiter] Module fodule
PS/HSP
+ Elec. Pover Solar distvib, {controls
Primary Arvrays Toop distrib, Toop loop
controls loop
Emergency Batteries| Battericg Batteries -- Batterie:
G&N Stab & controls | Bachup SEnsors .- --
. Propulsion Reboost -- -- -- --
Hedule
. Communication Antenna Systen Comm, Comm Conin.
(Ground Data & Co:mm,
Voice Link)
Control Panel
Payloads - Prire backup -- --
Subsystem -- backup 1 Prime -- -~
Date Mumt, Space/ store ! store -- relay
ground reley § orelay
Tink. '
!
Spares -- Tirited i Jirited Prime limited
! .. ot
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possibilities if retreat from either module is required. Every pressurized
module berthed to the MSP is a safe refuge area for a minimum of 180 hours.
If recovery from a contingency is not possible, Orbiter rescue is always
available as the final backup.

A potentially catastrophic event which is always of concern in the environment
of space is loss of atmospherc. Decompression can range from an explosive
decompression to a relatively slow leak rate. Explosive decompression could
result from a massive rupture of the pressure shall, blowout of a large view-
port, or failure of a hatch.

The likelihood of occurrence of these events is extremely rare because of the
safety factors incorporated in design which precludes operation of a hatch,
and other fail-safe features.

Loss of atmosphere from smaller holes (at a critical, but not catastrophic
rate) is far morevprobable. Typ}ca1 causes could be module relief valve failed
in open position, leakage at port or hatch, or meteoioid penetration. Table
4.4.6-2 provides estimates of probabilities for accidental loss of atmosphere
of a module.

Figure 4.4.6-1 compares the time of pressure decay from 101 KN/m2 (14.7 psia)
to 59.3 KN/m2 (8.6 psia). While this final pressure (equivalent to 94 mm Hg
P02) is too low for sustained crew operations without accliimatization, it is a
reasonable lower value. The crewmen would experience very little impairment
at this pressure as they moved out of the module. Any symnptoms of hypoxia can
be alleviated by donning an emergency cxygen mask which is readily accessible
in each module. Decompression sickness, the bends, would be no problem since

~a drop to approximately 360 mm Hg total pressure from 760 mm Hg can usually be

tolerated safely. Susceptibility to bend varies somewhat with the individual.

The figure also shows the reaction times for cvacuation of a module of various
volumes. The 9552 cu/ft curve represents the total volume of the adapter,
habitat, logistics and life science modules with all internal hatches open.
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Table 4.4.6-2

REASONS FOR DECOMPRESSION OF A MODULE

Loss of seal at pressure hatch

Loss of viewport

Dumb/relief valves open

Berthing collision

Space debris collisicn

Meteoroid puncture

Overpressurization/rupture of pressure
shell (explasion)

Structural failure of pressure shell

Corrosion of shell

Internal puncture

19

Probability

0.0005
0.0010
0.0016
0.0003
0.0005
0.0010

0.0006

0.0002
0.0005

0.0M0
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3.0 156 Cum (5,500 Cu Ft)
Habitat Vol
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No makeup atmosphere from onboard supplies is assumed for the decay rate. Note
that a hole as large as 15 cm (6.0 in.) (equal to loss of viewport from hatch
area) would still provide approximately one (1) minute of reaction time. The
estimated time for crewmen to move the entire length of the habitability module
would be eleven (11) seconds. This is considered the worst-case escape time
since it assumes the crewman must move to the opposite end of the module. The
time represents movement at 0.6m/sec (2 ft/sec) which could easily be accel-
erated under emergency all-out condiiions.

Closure of the appropriate hatch can be accomplished rapidly; an estimate of
30 seconds or less is a conservativa assumption. Addition of this time to the
movement times still provides adequate time to evacuate the module. For holes
in the equivalent size range of 2 inches or less, time is available for repair
and evacuation of the module might not be required. Time needed for repair

is a function of the location of hole and wall accessibility.
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Many hazardous situations requiring crew escape to a refuge area or requiring
immediate corrective action for crew survival, will require detail safety
analysis and operations hazard analysis to establish design and operational
procedures. To provide an appreciation of a typical number of hazards that
must be safely controlled, a hazard summary is shown in Tables 4.4.6-3 throdgh
4.4.6-6. The following hazards are summarized: loss of module pressure, loss
of 02; fire and smoke; contamination, radiation, toxicity, buildup/activation,
EVA/IVA, and explosion. An attempt was made, based on previous Space Station
studies, to sequentially select the options available to the MSP crewmen if a
hazard should occur. These options are shown in Table 4.4.6-7.

Ultimately, safety requirements must be imposed on all elements of hardware
design and operational procedures. Figure 4.4,6-2 shows the general arrange-
ment of the MSP three-man basic vehicle relative to the crew safety equipment,
and Figure 4.4.6-3 summarizes the key safety features of the basic MSP
configuration.

4.4.7 Meteoroid Protection Analysis

The MSP is expected to have a pressure shell construction consisting of Spacelab
elements or a design quite similar to Spacelab. Therefore, the amount of
pressure shell meteoroid protection afforded by the Spacelab design is a
relevant quantity. This paragraph discusses the design requiremens for Spacelab
and MSP and presents results of analyses to determine their meteoroid protection
ability.

The design requirement for Spacelab is for a 0.95% probability of no pressure
shell penetration (two-segment) for an exposure period of 350 days. This time
period corresponds to 50 missions of 7 days each. The same probability of
puncture (0.95) was accepted for MSP, except mission time was increased to 10
years (3,643 days) and number .f two-segment nodules was increased to four.

Detailed analysis of Spacelab was performed using optimum bumper solution
method by Burton G. Cour-Palais. The results show a probability of no puncture
of 0.9944 compared with the required 0.95 value. If this design is extra-
polated to MSP design requirements, a value of 0.79 results which is consider-
ably below the requirement.
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HAZARD ANALYSIS - LOSS OF MODULE PRESSURE

Failure
Event

How Occurring

Recoaomended Action

Dump and reljef valves
fail to open or inad-
vertently open. Air-
lock equalization
valves or air ducts
inadvertently opened.

Rupture of pressure
shell

Berthing collision
causing pressure
shell or hatch
damage

Human error. Seat con-
taminated or deterior-
ated. Galling or
solenoid failure.

Overpressure from
broken 02 or N2 line,
pressure control
valves failed in open
-position.

Thruster failure.
Pilot error. MSP
orientation disturh-
ance.

222

Provide capping or
fail-safe design for
valves which can open
to space environment.
Manual closure
possible.

Provide for replace-
ment of embrittled
seals.

Provide for contingency
procedure in the event
valves fail to open
{e.g., use masks, move
to other compartment,
close hatch).

Locate pressure tanks
in module isolated from
habited modules.

Provide redundant relief
devices.

Backup sensing/control
alarm system

Manual override

Size relief valves to
handle condition.

Pressure shell safety
factor of 2 to 1.

Fail-safe thruster
desiqn. Independent
braking thrusters.
Redundant berthing aids.
Automatic shutoff of
propetlant flow to
thruster if duration
exceeded.
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HAZARD ANALYSIS - LOSS OF MODULE PRESSURE (continued)

- Table 4.4.6-3

Failure
Event

How Occurring

Recommended Action

Viewport seals, EVA

hatches, berthing
ports, etc., fail.

Meteoroid puncture,

embrittle.

Seals degrade and

Rupture

of viewport.

space debris puncture, accident.
from explosion.

internal puncture.

Cargo-handling

Fragments

223

Berthing safety officer

Contingency (backoff)
procedures

Redundant seals

Provide for scheduled
replacement.

Provide contingency
procedure for closing
off compartwents in
event of severe leaks.

Monitor total pressure
and provide audiblie or
visual alarm if
pressure deviates from
certain limits.

Provide sensors to
detect leakage of
pressure through leak
and pressure shell.

Use large safety factor.

Provide detectors to
locate puncture.

Provide patch kit.

Contingency procedure
which enables crew to
egress rapidly from
compartment in event of
large hole and rapid
ventina to space.

Provide shielding for
pressure vessels.

Cargo-handling aids.
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HAZARD ANALYSIS - LOSS OF MODULE PRESSURE - EXPLOSION

Failure
Event

How Occurring

Recommended Action

Rupture or burst of
following components
located in Habitat,
Logistics Module,
Airlock/Adapter

02, N2 gas
Pressurant lines
Prassure regulators
Emergency 02 tanks
Freon accumulator

Portable life support
system

CO2 accumulator

Batteries of black
boxes rupture

Relief valves fail to
open

Ding in tanks creates
high stress point

Human error - Crewnen
hits tank with tool

Damage by cargo
movement

Meteoroid puncture
Poor weld joint

Metal or weld fatigue
Break in lines

RF energy present from
RF filter failure

Internal short results
in overheating

224

High burst-to-operating
pressure safety factor

Redundant relief
devices

Subject components to
(1) special handling
and shipping controls,
(2) double inspection,
(3) labeling, (4) tight
test controls

Shield pressure vessels
to avoid chain reaction
if one bursts

Design anti-shrapnel
pressure vessels

Locate in unpressurized
compartment

Isolate behind pressure
bulkheads

Fail-safe filter design

Provide double stainless
steel cases for battery
and relief devices for
black boxes

v e s e ey
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(continued)

HAZARD ANALYSIS - LOSS OF MODULE PRESSURE - EXPLOSION

Failure

Event How Occurring Recommended Action
Combustible gases or Static charge buildup Provide venting and
powders in presence purging for gases to
of ignition source Electrical short preclude buildup

'Gas leakage

Provide means to
constantly ground
crewmen

Ensure that all
hazardous experiment
are conducted in
controlled areas

Provide for monitoring
of gases

Provide protection
against any ignition
sources
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HAZARD ANALYSIS - LOSS OF MODULE PRESSURE — \~-)

FIRE, SMOKE, TOXICITY

Failure
Event

How Occurring

Recommended Action

Battery fluid or gas
leakage

Electrical initiation

Static electricity

Overheating or internal
shorting could cause
outgassing and leakage
of KOH

Power distribution
wire short

Electronic equipment
boxes explodes or
outgases

Metal tools, etc., in
contact with equipment

Charge buildup in
clothing

Inadequate grounding
of equipment

226

Provide sensors in
vicinity of batteries

Contingency procedure
to get rid of KOH if
leakage occurs

Protect with circuit
breakers or fuses

Design boxes to
prevent overpressure

Use fire and smcke
detectors near potential
fire sources

Provide automatic or o
readily accessible fire ! }
extinguishers S -

Provide contingency
procedure for fire or
toxicity

Arcproof tools or
coated tools. Ground
all equipment that can
arc

Procedure ground crew-
men before metal contact
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Table 4.4.6-5 (continued)

( | HAZARD AHALYSIS - LOSS OF MODULE PRESSURE -
FIRE, SMOKE, TOXICITY

Failure
Event How Occurring Recommended Actfon

Provide shutoff capa-
bility and the capa-
bility to purge area

Vent all connections
1 overboard

Provide sensors to
detect pressura

Provide fire detection
! sensors and a fire
suppressant system

Minimum use and rigid
control of combustible
materials

Toxic fluid leakage Piping breaks, piping Provide sensors and
connector leakage, warning devices
container rupture,
spill No toxics in normally

habited areas

Provide shutoff capa-
bility and a capability
to purge potentially
affected areas

Toxics in special
isolation chamber

\ e

) T T
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HAZARD ANALYSIS - LOSS OF MODULE PRESSURE - CONTAMINATION

Failure
Event How Occurring

Recommended Action

Materials outgas and
removal devices fail
or are inadequate

High toxicity buildup

Caution and warning
unit fails to indicate
buildup

Pathogenic

Experiments

Contaminated water

228

Provide redundant
contamination removal
capability

Provide redundant
caution and warning
capabilities

Use strict materials
control during design

Provide temporary
(masks, etc.)
emergency provisions

Provide monitoring and
alarm capability and
crew escape procedures

Isolate from space
station habited areas.
Separate or isolatible
EC/LS for specimens.
Work in safety cabinet
or enclosed hooded
bench. Maintain lower

pressure in work areas.

Follow standard micro-
biological safety
requirements

Bacteria filter
Pasteurization

Purity test
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(continued)

HAZARD ANALYSIS - LOSS OF MODULE PRESSURE - CONTAMINATION

Failure
Event

How Qccurring

Recommended Action

C0, buildup

Trace contaminants

Failure of C0, removal

Redundant CO2 removal

unit (valves,“controls, units

etc.) and failure of

caution and warning unit

Failure of trace con-
taminant control unit
(Li,, CO3, sorbeads,

Redundant trace con-
taminant units

charcoal, fan, catalytic
oxidizer) and failure of

monitoring and warning

unit
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EMERGENCY PROCEDURE ANALYSES

Emergency Condition

Reaction Time

Possible Emegrgency
Response

Inadequate oxygen:

1. Loss of total
pressure in one
pressurized module

2. Loss of total
pressure in Habitat
and Adapter

3. Shortage of 02
in a compartment
with normal total
pressure

Minutes to days

Minutes to days

Hours to days

Warn crew of emergency
Evacuate module
Seal it from other modules

Don pressure suits, reenter
module

Locate source of atmosphere
loss

Effect necessary repairs and
and repressurize

Warn crew of emergency
condition

Evacuate to Logistics Module,
Payload Module or Airlock

ODon pressure suits and reenter
mndule

Locate sources of leakage
Effect repairs and repressurize

Evacuate module and reference
other modules to other EC/LS

Don emergency 02 masks

Reenter compartment and repair
fault in EC/LS

Permit 0p level to increase to
a safe level before reentering
module.

230
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. Table 4.4.6-7 (continued)
EMERGENCY PROCEDURE ANALYSES

Emergency Condition

Reaction Time

Possible Emergency
Response

4. Failure open of
dump and relief
valve

5. Failure of PLSS to
supply viable
atmosphere to EVA
astronaut:

Minutes

Seconds to
Minutes

Manually close valve
Repressurize compartment

When it is impossible to
immediately close valve. warn
remainder ot oy

Evacuate module

Seal off module

Reference other modu'es bty
other EC/LS system

Don pressure suits and reenter
Close and repair dump valve
Repressurize module

Apprise buddy of emergercy
situation

Immediately head to EVA airlock
with assistance of other
astronaut

Notify onboard crew to have
emergency oxygen ready as soon
as airlock opens

While airlock is repressurizing,
buddy plugs into umbilical
outlet in airlock

Administer oxygen to man

Take man %o first a’sd ar~a vp r
airlock opens
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(contined)

EMERGENCY PROCEDURE ANALYSES

Emergency Condition

Reaction Time

Possible Emergency
Response

f Apninpaeyiiydnin i gratiy

Astronaut becomes i11
or injured during EVA

Contamination:

1. Compartment con-
taminated with
substance which is
filterable by EC/LS

2. Compartment con-
taminated with
substance which is
not filterable by
EC/LS

Seconds to
Minutes

Minutes to days

Minutes to days

The buddy who is always in
visual contact assists
endangered man and assures he
reenters via EVA airlock as
soon as possible.

Man then taken fcr medicas
treatment.

If man's condition is too
severe to be treated, then
sends him down via Orbiter
emergency flight.

Warn crew of dangerous
situation.

Evacuate module and seal it
from remainder of MSP.

Don pressure suit and reenter
compartment.

Eliminate source of contamination.

Wait for EC/LS to clear the
atmosphere (approx. 2 hr).

Warn remainder of crew of
dangerous condition.

Evacuate module and seal it from
remainder of MSP.

Don pressure suits and reenter
compartment.
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Table 4.4.6-7 (continued)
EMERGENCY PROCEDURE ANALYSES

Emergency Condition

Reaction Time

Possible Emergency
Response

3. Excessive CO2 in a
module

Radiation:

Abnormal high flux
of protons generated
_ from solar flare
- activity

Collision between
Orbiter, MSP,
Logistics vehicle,
Payload module, or
space debris

Hours to days

Minimum of 2
hours from
onset to maxi-
mum flux

Minutes to days

Ompty by opening dump valves.

Eliminate source of contamina-
tion.

Close dump valves and
repressurize.

Evacuate module and reference

_other modules to other EC/LS.

Don 02 masks and reenter
module.

Repair failure in EC/LS system.
Vacate module and wait until

CO, level is back to tolerable
level before reentering.

Personnel move to positions
for additional shielding.

Operating crew don EVA suits
for additional shielding.

See Item 1 and 2 under
inadequate oxygen.
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Table 4.4.6-7 (continued) -

N A EMERGENCY PROCEDURE ANALYSES Q j

Possible Emergency

Emergency Condition Reaction Time Response
— Fire:
) 1. Small isolated fire Minutes Turn off equipment which may

suitable for auto- contribute to the fire.
matic or manual
fire suppression Put out fire by use of a fire

suppressant system.

EC/LS purge compartment.

2. Large conflagration Seconds to Warn remainder of crew.
vihich is beyond the minutes
scope of fire Personnel don emergency
suppressant devices oxygen masks.

Turn of f equipment which can
contribute to the fire.

Evacuate module and isolate
- ) from remainder of MSP.

Purge compartment by remotely
opening dump valves.

Repressurize and reenter.

Nitrogen or oxygen Minutes to hours If pressure integrity of
pressure vessel depending on pressurized section of Logistics
rupture in unpres- damage Module is maintained, then
surized compartment

in Logistics Module Don space suits

Enter pressurized section and
. depressurize

Open hatch and enter explosion
area

Effect repairs
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- Table 4.4.6-7 (continued)
( . EMERGENCY PROCEDURE ANALYSES

T Possible Emergency
- Emergency Condition Reaction Time Response

If the pressurized section has
been ruptured, then

Don space suits

Go through airlock and enter
damaged area.

Repair damage to pressure hull..

Repressurize and complete
repairs.
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Figure 4.4.62 O T

BASIC THREE-MAN MSP SAFETY v
EQUIPMENT SUMMARY/LGCATICNS
High-Pressurs Gas
- gvAExh\ﬁ ’ /l gistics Module (Emergency Alrock)
T e are UNE Ty
ﬁ }-—-.-—-_-J B . @ 2PLsS V4 : mqumn«m
S T pomiinanad \
FE 1N Cehibridlles ¥
2 e e -Eﬁpﬁﬁ .. -
el
3 Gas ® EmasgencyKit . ?;:::&m)
- -'é . Prviesdiiodie E ég%m-mym * gxmpﬂﬁgau
: :gnxysgonm Supply ® 7-to 14-Oay Food Supply
Figure 4.4.6-3 .
KEY SAFETY FEATURES OF
BASIC CCNFIGURATION

8 2 Separate Pressurized Habitable Volumes

@ Separate Subsystems for Each Volume

® Repressurization Stores For Largest Pressurized Volume
8 3 isolated Power Source Buses

8 Emergency Power Distribution Provided

@ Overpressure Protection and Emergency Atmosphere Dump
Capability in Each Pressure Volume '

m Critical Subsystem Functions Are Fail-Operational/Fail-Safe

& EVA Rescue Routes Provided in Each Separate Habitable
Volume
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An ERNO-proposed modification, shown in Figure 4.4.7-1, increases standoff
between wall and bumper and places a second fiherglass cloth on the bumper.
MDAC analyses results are shown in Figure 4.4.7-2 for cases with and without
viewports and windows and varying mission duration. The MDAC results give a
value of 0.984 with no windows and 0.9697 with windows. The results are very
slightly lower than the ERNO results, probably accounted for by small differ-
ences in assumptions.

Past experience with past space programs has shown the difficulty of accurately
predicting meteoroid penetration limits. Therefore, a ballistic test is recom-
mended early in the MSP program to more accurately determine the adequacy of
the ERNO-proposed meteoroid bumper. This test is particularly called for

with the Spacelab design which uses fiberglass cloth material whose behavior

{s difficult to predict, based on extrapolations to equivalent aluminum sheet
as required by the analysis.

Figure 4.4.7-)

. SPACELAB
METEOROID PROTECTION ANALYSIS

VF0618

DOUBLE THICKNESS OF FIBERGLASS CLOTH Tg = 0.018IN.

e ERNO-Proposed Configuration

« Spacelab Requirement is 0995 CMt=—
0.95 Probabiiity for 350 Days

« 0.95 Probabillty for Four
2-Segment Modules for
10 yr chulres P tsovrossnsnsrsrsrd PV oPy ioF s
0.987 Per Module Lo

PRESSURE WALL
e Analysis Method According ngsrsgzo
to Burton G. Cour-Palals (0.16 C1d)

MODIFIED SPACELAB WALL
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Figure 4.4.7-2

METEOROID PROTECTION ANALYSIS
TWO-SEGNMENT SPACELAB STRUCTURE
1.00
0.887 Design Goal
. 0.98f \.
2
& ogs} Without Windows
§ and Viewports
>
§ 0.97}- With Windows /
a2 and Viewports
2
0.98}
o oL } 1 ll 1 1
0 2 4 6 8 10 12

Mission Duration (yr)

An analysis was also performed to estimate meteoroid damage to high perfor-

mance insulation around the exterior of the pressure shell. The insulation

was assumed to be positioned adjacent to the inside of the meteoroid bumper.
A meteoroid which penetrates the bumper would make a small hole in the out-

side of the insulation, but the damage would extend out in a 30° core as the
meteoroid passes into the insulation.

The damage caused by the meteoroid is shown in Figure 4.4.7-3 as a function
of shield (bumper) thickness. Results show for the ERNO-proposed design that
less than 1 percent of the insulation would be damaged in 1C years. Based on
this very small damage, it is believed that insulation damage by meteoroids

is not a significant problem.
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Figure 4.4.7-3

HIGH-PERFORMANCE vrosaT
INSULATION DAMAGE BY METEOROCIDS
Ponolr:tlon Shisld
\ (Fiberglass)
e (R
ﬁ\mwlmm
Damage Cone Pressure Shel!
(30 deg) .

ERNO-Proposed
Design

Shisid Thicknoss (mils)
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4,5 SUBSYSTEM DEFIMITION B

4.5.1 Summary and Conclusions

This paragraph presents the detailed definition of subsystems for the Basic
Manned Space Platform. Detailed hardware characteristics are tabulated in
terms of weight, volume, power and equipment arrangements. The extent and
rationale for "use of existing hardware" is described with regard to applica-
bility, required modifications and availability in the platform era. Problem
areas are discussed along with remaining issues and major program impacts of

the subsystem designs.

The subsystem design emphasizes use of existing hardware where practical in
order to achieve low initial cost and program risk. Since the Spacelab module
is being recommended as the basic pressurized module of the MSP, use of
Spacelab subsystems. is particularly attractive because these subsystems are
already integrated and qualified as a unit thereby greatly reducing cost.

Particular care was taken in the §tudy to assure interface compatibility with
the Power System and the Orbiter. Results of the interface design are included
in Paragraph 4.6.

The Environmental Control/Life Support subsystem is designed around the
existing Spacelab upgraded as indicated by the increase mission duration to
decrease the high expendable needs of the Spacelab approach. The extended
mission time also requires other modifications for maintenance provisions,
high reliability and contaminant control. This extensive use of Spacelab
equipment results in a low-cost and low-risk program but the design is a "no -
throw away" approach which adapts efficiently to the use of a more advanced
closed-1gpp concept.

A CDMS concept has been defined that provides the necessary communications and
data management support and services for the manned platform with low technical
risk by making use of existing Spacelab and Shuttle hardware designs where
possible. New hardware has been defined only in those cases where existing
Spacelab or Shuttle hardware is not available for the needed function. These
cases are mostly related to Power System interfaces.
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Two concerns with the COMS approach remain: (1) the reliability that is
attainable for long-duration missions with Spacelab and Shuttle hardware and
(2) the cost and performance penalties that are associated with using 1970s
electronics technology rather than the technology of 1985 or later. These
concerns have not been addressed quantitativéﬁy. It is recommended that
future manned platform studies investigate alternate CDMS approaches with
particu]:: emphasis on these concerns.

The electrical power subsystem (EPS) concept is designed to satisfy the basic
functional and program requirements to accommodate existing payloads and
equipment in a nominal 25 kW Power System configuration. Initially, regulated
30 VDC power will be delivered to the Airlock/Adapter (A/A) for distribution

to the Habitability Module (H/M) and to specified attached payloads (Spacelab
Module shown for reference). Power is also distributed to payloads (experiments)
carried within the H/M. A three-bus 30 YDC interface is provided at the

Orbiter berthing port to suppliement Orbiter power in either a Shuttle-tended or
sortie mode.

In addition to the 30 VDC main power bus interfaces, two 30 VDC auxiliary
buses are provided at the A/A payload ports for essential and emergehcy power.
Provision is also shown for supplying emergency power from the A/A to the H/M.
AC power is supplied locally.

'
Interfaces shown for the initial version are suitable for either the 12.5 kW
or 25 kW Power System. Growth provisions include an additional 30 VDC bus
from the A/A to the attached payload module and up to three 30 VDC and three
120 VDC buses for payloads supplied via the H/M and second Airlock/Adapter.
Emergency power is rederived from the 30 VDC main power buses in the second
A/A for distribution to subsystems and payloads, as in the initial confiqura-
tion.

The conceptual design for the structural/mechanical subsystem was directed
toward the MSP primary and secondary structural configuration for three

major elements: (1) Habitability Module, (2) Adapter/Airlock Module and

(3) Logistics Module. Available hardware was selected for each possible major
element.  However, detail design analysis must be conducted to verify the-
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structural integrity of the available elements and to identify any modifica-
tions required peculiar to the MSP. . - -
-
Concepts to provide habitability functions were selected to assure the
psychological and physiological well-being of the crew. This is accomplished
without undue penalty to the MSP or without diluting resources available to
experiments. Full use was made of suitable existing hardware and technology.

Essentially, existing concepts are used in the design which have been proven
on past programs or will be proven early in the Shuttle program. Food concept
is a combination of the Skylab and Shuttle concepts of shelf-stable storage
approach supplemented with frozen foods and limited fresh foods. An improved
version of the Skylab full-body shower is also planned. Most of the remaining
habitability provisions will be Shuttle program derivative.

4.5.2 Environmental Control and Life Support

The Environmental Control and Life Support (ECLS) subsystem maintains a viable
atmosphere for the crew and provides for thermal control of payload and

vehicle equipment. Specifically the total pressure and composition of the
atmosphere are controlled by the Atmosphere Supply and Control Section (ASCS). |
The Atmosphere Revitalization System (ARS) maintains a viable atmosphere by
providing cooling, carbon dioxide removal, humidity control, trace contaminant
control and debris filtering. Continuous atmosphere circulation prevents

stagnation and promotes forced convection cooling.

Water is provided to the crew for food preparation, drinking and personal
hygiene. Most of this water comes from resupply stores and a smaller amount
is reclaimed from condensate for crew hygiene.

Thermal Control is accomplished actively by circulating fluid loops which
collect MSP heat and transport it to the Power System where it is rejected to
space. Passive thermal contrcl devices are incorporated where appropriate and
these include thermal coatings, insulation and electrical heaters. Support is
provided for both Intravehicular and Extravehicular Crew Activity (IVA/EVA) and
fire detection and suppression provisions are incorporated in the desian.

In this portion of the study, Hamilton Standard supported several tasks
involving use of existing hardware, solid amine and water recovery trade data
and mass balances.
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In the following paragraphs, the selected ECLSS design will be described
along with the supporting trades and anaiyses which lead to the design.

4.5.2.1 Subsystem Definition

The Environmental Control/Life Support subsystem is designed around the
existing Spacelab upgraded as indicated by the increased mission duration to
decrease the high expendable needs of the Spacelab approach. The extended
mission time also requires other modifications for maintenance provisions and
contaminant control. This extensive use of Spatelab equipment results in a
low cost and low risk- program but the design is a "no throw-away" approach
which adapts =fficiently to the use of a more advanced closed loop system.

4.5.2.1.1 Description - The concepts selected and their arrangement in the
initial configuration is shown in Figure 4.5.2.1.1-1. A1l key functions are
duplicated in the Airlock/Adapter and the Habitability Module in order to
satisfy the requirement for two separate pressurizable compartments with
independent ECLS. Each compartment is provided with a Spacelab ECLS

HANRTON ' Figure 4.5.2.1.1-1
sais BASIC MSP ECLS EQUIPMENT LOCATION  vrose

ANIMAL EXP MODULE
18 WATER TANKS

—--FORCED AIR MIXING

SPACELABECLS
PLUS: Y REGEN CO2 ASSEMBLY

1CAT.OX ASSEMBLY

LIFE SCIENCES MODULE

O2/MN2

A

COOLANT

LOGP A HABITAT MODULE

SPACELAB ECLS
PLUS: 1 REGEN CO2 ASSEMBLY
1 CAT. OX ASSEMBLY
1 MULTIFILTRATION ASSEMBLY

SPACELAB ECLS
PLUS: 1 REGEN CO2 ASSEMBLY
1 MULTIFILTRATION ASSEMBLY
2 COMMODES

16 WATER TANKS

- HYGIENE WATER

12 LLOH CART.

4 CONTAM CART. -~ WASTE WATER
1102 GAS TANKS

7N2 GAS TANKS POTABLE WATER

ANT~
CooL 7

Loor s
CO2 DUMP

_- €03 DUMP

TER MODULE COOLANT
AIRLOCK ADAP LOOP B
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consisting of an Atmosphere Storage and Control Subsystem (ASCS), Atmosphere
Revitalization Subsystem (ARS) and active and passive Thermal Control

Subsystem (TCS).

The ASCS provides for supply and control of the module atmosphere pressure and
composition and provides for positive and negative pressure relief. It
maintains a two-gas oxygen/nitrogen atmosphere which approximates earth
surface conditions and is compatible with the atmosphere of a docked Orbiter
crew compartment. Specifically, the ASCS provides the following functions.
o Storage and supply of gaseous nitrogen required for the makeup of
module leakage and airlock operation.
e Storage and supply of gaseous oxygen required for metabolic
consumption, leakage makeup ard airlock‘operation.
e Prevention of excessive module positive and negative pressure
differentials.
Module depressurization and bleed in the event of contingencies.
Venting for evacuation of ~«(periment chambers.
Provide signal outputs for monitoring and evaluating the performance
of the equipment.

Gaseous N2 and 02 will normally be provided from tanks on the logistics
module; initial and contingency stores are located around the periphery of the
Airlock/Adapter. The oxygen and nitrogen tanks are Orbiter-derived spherical
tanks consisting of a metal liner with a Kevlar/Epoxy composite overwrap. The
tanks will be arranged in two separate banks each with a separate supply
system to the two separate compartments. Sufficient contingency supplies are
provided to repressurize the largest compartment and provide for 90 days
contingency supply.

The air within the modules is maintained in a conditioned stage by the ARS
which controls temperature, humidity, odor, contaminant, carbon dioxide, air
circulation and particulate matter. This subsystem also provides for the
reguired air circulation and fire detection and suppression.

Air from the module is drawn through a 300-micron particulate filter by the
redundant cabin fans. Normally only one fan is operating, backflow through
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the inoperative unit is prevented by check valves. Downstream of the fans the
(\ air flows through charcoal conisters for odor removal. These canisters are
%{ contained in the Spacelab CO2 control assembly which in the platform applica-
‘ tion is used for odor control. During contingency modes of operation, the

charcoal canisters are replaced by lithium hydroxide canisters which remove the
C02.

}

|

|

i' A portion of the downstream air is withdrawn to the‘solid amine CO2 control

i ' unit for C02 removal. This is a water-save regenerable concept with steam

! desorption of the CO2 to space. The solid amine bed is the major component in
E the system. It holds the IRA-45 granular amine material.

!
t
}

Air flow during adsorption is provided by a fan and controlled by three air
valves. Two valves are either open or closed while the third is used to
modulate canister flow by venting a portion of the air around the canister.

/ji During desorption, the two large canister valves close and the flow sensor
’ loop is opened. MWater is pumped to the integral bed steam generator which

‘ converts the water to superheated steam. The steam wave pushes residual air
out of the bed at a low flow rate as the steam moves through the bed. As the
| steam reaches the end of the bed, a high purity (99%) C02 wave evolves off the
in-flow and switches the C02 flow either overboard to to a CO2 reduction
regulator in the CO2 outlet. The desorption process is controlled to the

saturation temperature of steam at the regulated pressure which is baselined at
212°F and 14.7 psia.

A contro]lef/sequencer is used to time and sequence the various valving,
pumping and fan flow activities. The controller will also assist in fault
detection and automatic shutdown sequencing.

The ARS process air next passes to the condensing heat exchanger where it is
cooled and dehunidified. The condensing heat exchanger is a cross-counter
flow plate fin unit made of stainless steel. Cold water from the thermal
control subsystem is circulated on the liquid side. As the air is cooled,
condensation occurs within the air passages which are coated with a hydrophilic
agent to promote "wetability." As a result the air flow forces the condensate
to the exit end where it is removed by a "slurper" device.
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Temperature control is obtained. by bypassing air around the heat exchanger to L=
obtain the required heat exchanger exit air temperature. This control (_ )
consists of a motor actuated flapper valve, a controller and temperature

sensors. The electrical components in this unit are redundant.

A catalytic oxidizer has been incorporated in the design to control
contaminants not removed in the odor control canisters. The assembly consists
of a presorbent bed, a fan, regenerative heat exchanger, a high temperature
catalytic oxidizer and a post sorbent bed. Air is drawn into the presorption
bed containing lithium hydroxide which removes acid gases which could poison
the catalytic oxidizer. The air then flows through the regenerative heat
exchanger where the temperature is increased. Downstream an electrical heater
increases the air temperature further prior to passing through the catalyst
canister where contaminants are oxidized. Post sorbent beds containing
lithium hydroxide and purified remove the products of contaminant combustion,

A mixture of condensate and air is drawn from the condensing heat exchanger by
the water separator. This unit consists of two integral rotary drum/fan
components; the fan draws the air through the unit. Condensate is separated
from the air in the rotating drum, removed with a stationary pitat tube and
directed to water management subsystem. Backflow of condensate is presented
by check valves.:

Normally only one separator is operating while the second unit is on standby.
Backflow of air through the inoperative unit is prevented by check valves.

A Spacelab avionics loop is provided in the habitability module for air
cooling rack-located avionics. Cooling air is directed to the racks through a
duct system to the racks. Flow balarcing and flow to each rack is controlled
by adjustable shutoff valves. Air circulation within the loop is provided by
the avionics fan assembly which consists of two redundant fans with check
valves to prevent backflow. Air leaving the fan assembly passes through the
avionics heat exchanger where it is cooled prior to being directed back to the
racks.

246



auiatad Moiaasa dablh. o il ' . U

4 A - e - ——a WY e e

CRIGINAL P2GE S
OF POOR QUALITY

Multifiltration condensate recovery units have been added in each compartment
to provide water for personal hygiene and solid amine CO2 control desorption.
This unit reduces the required water resupply by 34.3 1bs/day and also reduces
waste storage and earth return requirements. The muitifiltration unit
consists of filters, charcoal and ion exchange resin beds to remove impurities.

Potable water needs are provided by resupply water which is normally stored

in tanks located in the logistic module. A 90-day initial and contingency
supply is located in the Airlock/Adapter. The contingency water supply is
manifolded separately from the normal resupply so that a failure in one supply
will not propagate to the second supply.

The water supply tanks located in the logistics module also act as waste water
return tanks. After fresh water is removed from the tanks, they are filled
with waste water. This approach keeps logistic module volume and tank cost to
a much lower level, however, development effort is necessary to ensure that
fresh water supplies are not inadvertently contaminated by the waste water.
This approach will also require additional ground servicing to render the
tanks sterile and uncontaminated prior to filling with potable water resupply.

Water is supplied to the galley and water dispensers for food preparation and
crew drinking. Also a small quantity of potable water resupply becomes
makeup in the personal hygiene loop.

Separate atmosphere revitalization subsystems will be provided in the experi-
ment modules. This will consist of a Spacelab ECLS with regenerative CO2
control and catalytic oxidizers. Separate water supplies will be provided if
required by the payload such as in the case of Life Science Payloads.

4.5.2.1.2 Characteristics - yable 4.5.2.1.2-1 gives the ECLS subsystem
characteristics for the initial configuration consisting of the Airlock/Adapter,
Habitability Module and the Logistics Module. The values given do not include
supporting.structure and monitoring instrumentation. The equipment shown in
the table weigh a total of 3316 1bs and consume an average power of 3584 watts.
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Table 4.5.2.1.2-1
ECLS SUBSYSTEM CHARACTERISTICS - INITIAL CONFIGURATION

Power
No. Weight | Volume Ave/Peak
Equipment Req'd (1b) (cu ft) (watts) Location
‘N, Tanks 6 336 28.5 - A/A
0, Tanks 12 672 56.9 -- A/A
Fill and Relief Set 3 0.1 72/72 LM, A/A
02/N2 Panel 2 108 4.6 34/52 A/A, HM
Vent and Relfef Valves 3 33 3.3 84/90 LK, A/A, HM
Sensor Panel 2 20 0.7 10/10 A/A, HM
Lines and Disconnects Set 6 0.05 -- A/A, LM, KM
Cabin Fan Assembly 2 82 5.8 790/790 A/A, HW
Condensing Heat Exchanger 2 86 5.6 -- A/A, HM
€0, Control 2 134 8 210/420 A/A, HM
Odor and Cabin Temperature Control 2 80 13.4 68/68 A/A, KM
Condensate Separator 2 43 2.9 96/96 A/A, KM
Condensate Processor 2 330 6 90/90 A/A, HM
Condensate Storage and Dump 2 44 13.6 0/190 A/A, HM
Catalytic Oxidizer 1 32 1.5 190/190 HM
Interchange Circulation Assembly 1 20 1.3 50/50 A/A
Avionics Fan Assembly 2 85.8 3.6 1340/1340 | A/A, HM
Avionics Heat Exchanger 2 68.6 1.5 - A/A, HM
Fire and Smoke Detection 2 12 0.2 20/20 A/A, HM
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ECLS SUBSYSTEM CHARACTERISTICS - INITIAL CONFIGURATION (continued)

6t

Power
No. Weight | Volume Ave/Peak
Equipment Reg'd (1b) (cu ft) (watts) Location
Ducts Set 287 20 - A/A, HM
Water Tanks 16 640 67.2 -- A/A
Hater Distribution 1 Set 7 0.1 -- A/A, HM, LM
Water Monitoring E 1 20 0.5 50/50 HM
Water Pump Package { 2 64 2.5 480/480 A/A
Cold Plates 15 87 4.5 -- A/A, HM
Lines and Disconnects Set 16 0.5 -- A/A, HM
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The major expendable requirement for the initial cenfiaur :i:on is shown in
Table 4.5.2.1.2-2. The data given for the {irst 90 days sve the expendables
which must be placed onboard to sustain the crew tor SO davs before a
logistics module is launched. A lower atmosphere leakaqe vate (1 1b/day) and

small repressurization volume (habitability module} i~ used for this

condition.

Normal resupply is based on 180 days of expendablies normally used onboard.
The 30-day contingency supply includes rietabolic oxygen and atmosphere
leakage (2 1bs/day). EVA requirements are not included in the table.

Totals are also given in the table for (1) onboard contingency including
repressurization gas, (2) normal resupply and (3) normal return to earth of
waste water,multifiltration cartridges and charcoal. The values in the table
show that normal return is slightly lower than resupply because gases used
and not returned dre greater than metabolic water aenerated by the crew.

The first 90 days' atmospheric stores will require six nitrogen tanks and 12
oxygen tanks, 18 total tanks, which will be located on the exterior of the
Airlock/Adapter. During normal operaiion, contingency and repressurization
gases will require eight nitrogen tanks and five orygen tanks for 13 total
number. Therefore, five tanks can be removed after the first 90 days and used
in the Logistics Module or 18 tanks can be retained as additional contingency.
Some tank recharging or replacement will be ne e,5ary and cross manifolding
can allow change in the ratio of nitrogen/oxygen tanks. Extreme care is
required, however, to preclude the safety hazard ot nitrogen entering the
oxygen supply potentially causing inadequate ovyyen in the atmosphere,

Water requirements for the first 90 days will be stored in 13 tanks located
in the Airlock/Adapter interior. Three empty tanks will also be provided for
storage of earth return waste water. 1he tanks will be removable for return
to earth for sterilization and reuse in the Loyistics Module.

During normal operation, four water tanks wiil «ontain the contingency water
in the Airlock/Adapter and 24 tanks located wn the {ogictics Module will
supply/return normal use water.

- ——— o et




Table 4.5.2.1.2-2
MAJOR ECLSS EXPENDABLE REQUIREMENTS

162

Weight Volume

(1b) (cu ft)
First Normal First Normal

Expendable 90 days | Operation | 90 days | Operation
Repressurization Oxygen 53 17 3.8 8.4
Repressurization Nitrogen 163 358 13.6 29.8
30-day Contingency Oxygen 173 180 12.4 12.9
30-day Contingency Nitrogen 44 67 3.7 5.6
Metabolic and Leakage Oxygen £18 1080 37.2 77.7
Leakage Nitrogen 133 400 1A 33.3
30-day Contingency Water 531 531 8.5 8.5
Normal Use Water 1592 3184 25.5 50.9
Odor Control Charcoal Resupply 70 140 1.8 2.6
(Wast2 Water Return) 1876 3751 30.0 60.0
Total Contingency Onboard 897 1276 42.6 65.6
Total Normal Resupply 2313 4804 75.6 164.5
Total Normal Return 1946 3891 31.8 62.6 N

NOTES: 1) Normal operation includes 180-day resupply.
2) Tanks and store provisions not included.
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4.5.2.1.3 Remaining Issues - The ECLS subuystem desvian presented in the

paragraphs above can reliably and safely provide suppert of the operations (\ )
envisaged for the MSP. However, there are sevevel i.cues remaining that merit -
further attention and these will be discussed ir tV 1+ paragraph.

No Dump Requirement - The current baseline for Lhe M5P uses a solid amine CO2
control system which dumps about 2.1 lbs/man-day ot (0. averboard. This is a
dipolar molecule and concern exists that thic effluent could interfere with

some experiment operations.

There are several practical design and operation2! «olutions to this dumping
of COZ' First, an expendable material, such as LitH, :ould be used which
chemically absorbs the CO2 to be later returned Lo «¢arth, This is identical
to the Orbiter/Spacelab concept. The main drawbacl to this approach is due to
the large resupply/return expendables required amowniing to about 1300 1bs
launch and about 1600 1bs return for each vesuptly terriod. Also LiOH has been
determined to be considerably more costly. Duiagilen trade data for LiOH and
solid amine CO2 control concepts are given in Pecawvaph 4.5,2.3.2,

If the no CO2 dumping times are relatively «hoit, i U4 can be used to adsorb
the 002 only during the no-dump period with the satid amine being used during
other times. Since the baseline design has Li04 {or emergency use, the only
impact of its use is the need for resupplying 14 | il cartridges amounting to
about 14 1bs/day.

CO2 dumping can be avoided for short duraticns b, .t eperating the CO2
removal systems and letting the 002 accmmlate 1ot cabin.  As an example,
if the CO2 control units were shut dowin, il wem:ld @ te about 15 hours for the
C02 level to rise from the nominal contrel leve? ar o omidg to the maximum
level of 7.6 nmHg.

Use of a completely closed oxygen systein v oy perat isg the Bosch concept
would also eliminate CO, dump, however. thi {4 Geproach is considerably

more costly, complex and would increase s bedad

[
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Based on the options and considerations discussed above, combined use of COz
buildup in the cabin plus short-term use of LiOH are the planned methods of
a&oiding c02 dump during sensitive experiment operaticn. As more specific
experiment data becomes available, further analysis will be necessary to

~ determine adequacy of this approach.

Initial 90-day Expendable Storage

The current MSP is designed to operate for the first 90 days without a
logistics module. This requires storage of 90 days' expendables plus
contingencies onboard the initial operational configuration consisting of an
Habitability Module and an Airlock/Adapter. As discussed in Paragraph
4,5.2.1.2 above, this requirement results in waste water being stored onboard
the MSP thereby complicating earth return and tank sterilization. The
solution currently planned is to make the tanks physically removable for earth
return. Additionally, the number and ratio of gaseous oxygen and nitrogen
tanks required onboard initially is not the same as required for later opera-

tion thereby requiring reconfiguration or inefficient use of the tanks. Further

study is needed to determine if the Logistics Module should be introduced
earlier in the program.

4.5.2.2 Existing Hardware

Table 4.5.2.2-1 indicates the applicability of existing hardware for the Basic
Manned Platform. The first six items in the table represent the basic Space-
lab Atmosphere Revitalization System (ARS). Installation and much of the air
ducting will be identical to Spacelab in Habitability Module and Payload
Modules. Reconfiguretion of the ARS will be necessary for the Airlock/Adapter
because of the smaller diameter of the primary structure.

The LiOH/Temperature Control Valve package will nommally contain charcoal
cartridges for odor control when used in the MSP. During emergency mode of
operation the charcoal will be removed and LiOH installed for emergency CO2
control. These LiOH cartridges are identical to those used in the Spacelab and
Orbiter.

Most of the Spaceleb Atmosphere Storage and Control Section will be used in
the MSP, however, the smaller nitrogen tank will be replaced by a larger
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Table 4.5.2.2-1

EXISTING HARDWARE
APPLICABILITY FOR BASIC MSP

VFR129

Spacelab

Existling item
Condensing Heat Exchanger o

Fan Separators : o
Cabin Fan Package -
Avionics Fan Package v
Avionlcs Heat Exchanger .’
LIOH/Temperature Control Valvo Package -
OxygeniNlitrogen Control Panel -
Cabin Pressure Relief Assombly -
Experiment Vent Assembly
Water Pump Package -
Potable/Wastewater Tanks -
N2 Tanks -
02 Tanks -
Miscellaneous Valves, Sensors, Etc, . -

Orbiter tank. This is necessary because of the mu:r Ligher storage require-
ments in the MSP. The Orbiter gaseous ozyaen tenk i: also used.

Both Spacelab and Orbiter water pump parkages were «onsidered for the MSP,
however, the Orbiter design appears more applicable hecause of }ts high
pressufe drop and flow capability. A water flow requirement of about

590 1bs/hr are anticipated for MSP which is higher than the 500 1b/kr capa-
bility of the Spacelab but well withipn the capability of Orbiter. Also,
pressure drop requirements are expected to be higher than Spacelab but well -
within Orbiter capability. The Orbiter unit, however, appears to be somewhat
overdesigned resulting in a relatively high powry o 240 watts compared with
66 watts for Spacelab. Orbiter pump modificatice. £, lower pressure drop
and rate is a candidate as a power redu Lion we -y,

4.5.2.3 Supporting Trades and Analyses

This paragraph presents the trades and analyses whi b were performed leading
to the selection of the recommended FCLSY desian.
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4,5.2.3.1 Trade of Carbon Dioxide Removal Concept - Current methods of CO2
removal on Spacelab and Orbiter use lithium hydroxide (LiOH) to chemically
absorb COZ' Expendable Li0H requirements for seven-day Shuttle missions are
reasonable, less than 100 lbs for a four-man crew. However, when extended to
MSP conditions, the extended duration results in much larger quantities
amounting to over 1000 ibs for 90 days' resupply. Therefore, regenerative
concepts are attractive for MSP to reduce this large resupply. The trade
reported on in this paragraph trades LiOH CO2 control versus regenerative
concepts including solid amine water desorbed (SAWD), molecular sieve and
electrochemical depolarizer concentrator (EDC).

The regenerable solid amine system offers significant advantages for the
initial MSP compared to the Spacelab baseline LiOH system. The solid amine
includes two three-man packages capable of supporting a six-man crew. The
only expendable is .12 1b/day of Hzo dumped as saturated CO2 (14.5 1b H20 in
120 days).

The Spacelab Li0H system was used for comparison to the regenerable solid
amine. The non-regenerable Li0OH chemical is consumed at the rate of 1.1 1b

i0H/1b C02. The Li0H expendable was sized for three-man continuous removal.
The initial LiOH weight requires a 30-day contingency period (+300 1b penalty
compared to SAWD). The weight penalty increases to 2000 1b at 120 days (see
Figure 4.5.2.3.1-1). Return weight is shown because of its impact on the
landing cargo weight limitation of the Orbiter. The LiOH is converted into
the heavier Li2c03 compound and therefore returns 25% heavier than at launch.
The 30-day contingency stays in orbit.

Volume trade curves would be similar to the weight curves. LiOH requires
78 ft3 more volume for a 120-day period. LiOH return volume is the same as at
launch minus the 30-day contingency (17.2 ft3).

Molecular sieves, HS-C type solid amine and electromechemical regenereble CO2
removal concepts were considered and rejected in favor of the steam desorbed
solid amine concept. The molecular sieves, configured for the future growth
requirement of water and CO2 save, require high temperatures and excessive
power for regeneration. The HS-C type solid amine cannot be grown to have c02
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Figure 4.5.2.3.1-1
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save capability and discharges valuable water when 11 is desorbing its CO2 to
vacuum. The electrochemical system would require additional oxygen supplies
and otherwise unneeded hydrogen supplies since elecirolysis which would
nromally supply the gases is not required until the final growth step for the
MSP ECLS system. For the above reasons and in trade studies the steam
desorbed solid system has been shown to be safer, tio nave lower system weight
and volume impacts and uses less system power, it was selected for the MSP.

4.5.2.3.2 Parametric Solid Amine CO2 Control Study - This paragraph presents
the detailed results of a study to develop subsysten dafa for variable crew
size.

Introduction

The solid amine, water desorbed (SAWD) systow i< rovcomended for all growth
steps of the Manned Space Platform (MSP) including the initial MSP. The SAWD
concept uses a commercia}ly available ton exchange resin, IRA-45, to
selectively remove CO2 from the cabin atmosphere and either dump the CO2 over-
board or deliver the CO2 to a CO2 reduction subsystem. The SAWD system is
being specifically developed for a solar cell powsred spare station and should
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not be confused with the HS-C solid amine which was specifically developed for
- the fuel cell powered Shuttle Orbiter. The HS-C amine cannot selectiveiy
(, concentrate CO2 and is, therefore, not applicable to space station. i

In the following sections, the SAWD system is described, recommendations are
Justified and the parametric trade data is provided.

System Description .

The SAWD system for MSP is shown schematically in Figure 4.5.2.3.2-1. The
solid amine bed is the major component in the system. It holds the IRA-45
granular amine material.

Airflow during adsorption is provided by a fan and controlled by three air
valves. Two valves are either open or closed while the third is used to
modulate canister flow by venting a portion of the air around the canister.

Figure 4.5.2.3.2-1

I

(A
! . MSP-SAWD
Ul D
TECHNOLPG!ES
ULWM%
FLOW BYPASS
CABIN AlR SAWD RED ] L R
i L o
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-
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During desorption, the two large canister valves close and the flow sensor
loop is opened. Water is pumped to the integral bed steam generator which
converts the water to superheated steam. The steam wave pushes residu. 1 » -
-out of the bed at a low flow rate as the steam moves through the bed. As the
steam reaches the end of the bed, a high purity (99%) C0, wave evolves off the
bed, sharply increasing the flow rate. The flow sensor picks up the increase
in flow and switches the CO2 flow either overboard or to a CO2 reduction
subsystem. The bed desorption temperature is controlled by a back pressure
regulator in the CO2 outlet. The desorption process is controlled to the
saturation temperature of steam at the regulated pressure which is baselined
at 212°F and 14.7 psia.

A controller/sequencer is used to time and sequerce the various valving,
pumping and fan flow activities. The controller will also assist in fault
detection and automatic shutdown sequencing.

Conclusions/Reconmendations

The ﬁeight. power and volume for a complete MSP C02 iremoval system (two SAWD
subsystems) is shown in Figure 4.5.2.3.2-2. The weight and volume curves are
the total for two SAWD subsystems. The power curve is the total for one.
subsystem adsorbing plus the other subsystem desorbing. The subs/stems are
synchronized so that the high power desorption cycles do not coincide, thus

averaging the power draw and heat rejection denands,

Table 4.5.2.3.2-1 presents a list of the trade data used.
Fixed HWeight: The fixed weight total is for twc SAWD subsystems, one
installed in the Airlock/Adapter and the other in the Habitat.
Logistics Weight: Logistics weight defines the amount of water lost
overboard during C02 dumping that must be replaced at the logistics
resupply period. The quantity equals 14.4 pound- for a four-man crew
every 90 days.

Fixed Volume : This is the volume of the two installed subsystems.
Logistics Volume" This is the volume of water that must be resupplied

and equals 0.25 ft3 every 90 days for a four-man crew.
Power : The power is divided into two sectioiy, ncamal power and full
crew power.

-
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Table 4.5.2.3.2-1
-SAWD TRADE DATA

Crew Size

Parameter Units 2 4 6 8
Fixed Heiqht

SAWD Subsystem 1b 62 91 122 150

Total MSP 1b 124 182 244 300
Logistic Weiaht .

Total MSP 1b/day 0B .16 .24 .32

(H20 Dumped w/COZ)
Fixed Volume

SAWD Subsystem fty 4.2 5.7 7.2 2.3

Total MSP 8.4 11.4 14.4 16.6
Logistic Volume

H,0 Dumped w/CO, ft3/day 0013 | .oov6 | .0039 | .o0s1
Power - Normal ,

Adsorb/Subsystem watts 45 80 120 155

Desorb/Subsystem watts 215 430 650 850

Total MSP watts 260 516 770 1015
Power - Full Crew

Max-Desorb watts 370 Ealt 1120 1480
Cooling Load - Average

Adsorb/Subsystem Btus/hr (1) | 710 ya0 2100 2800

Desorb/Subsystem Btu/hr (2) ] 145 255 370 475

Total MSP Btu/hr 855 1645 2470 3275
Reliability

MTBF hr 16500 16500 16500 16500

(1) 80% Latent
207 Sensible

(2) 100% Sensible
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Normally the crew load is split between the two subsystems, each handling
half the crew at a PCO2 level of 3.8 mmHg. The two subsystems are
synchronized so that oné desorbs while the other adsorbs. As such, the
total power at any time is the total of two powers.

During a condition where all the crew is isolated in either module, a
full crew operating mode is used. The adsorb and desorb cycles are
shortened to handle the increased load. The desorb power draw increases
to the maximum value given in the table. During adsorb the total power
drops back to the normal adsorb value.

Cooling/Heating Loads: Only cooling loads are presented in the table
because heating of the steam is reflected in the desorb power numbers.
If a 250°F temperature source heat transfer loop becomes available on
MSP, the desorb power can be converted to a heating load.

The cooling loads are divided into two categories; adsorb and desorb.
The majority of cooling is required during adsorb because the latent
heat, added to the bed during desorb, is transferred to the cabin
coolant loop during the adsorb cycle. Durin desorb, the heat loss is
considerably lower being comprised of the sensible loss from the warm
bed and steam controller. On MSP, these loads appear cyclically on the
separate coolant loops but because of the synchronization of the cycles,
the total MSP load is relatively constant, being the sum of absorb plus
desorb loads.

Reliability/Life Data: The Mean-Time-Between-Failures (MTBF) for each

- SAWD subsystem is calculated to be 16,500 hours.

Certain components are considered life 1imited. These are the rotating
pump and fan. Replacement is recommended every 2-1/2 yeafs. However.
because of maintainable designs and availability of spares, an on condi-
tion maintenance philosophy should be considered for MSP. This would
allow these components to operate until failure, whereby the second
subsystem and large habitable volume would allow sufficient time to
isclate, schedule and replace the failed component.

C - */ 261
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Trace Contaminant Performance: The ability of the solid amine chemical,
used in SAWD, to concentrate and desorb trace contaminants has not been
tested in enough detail to forecast performance. Testing of a similar,
but vaccum desorbed, amine showed excellent trace contaminant performance.

Testing by the French Navy showed the SAWD amine (1RA-45) would adsorb
water soluble contaminants (ethanol and acetone) at high concentrations
{1000 ppm) and desorb them during steaming. It also determined that

CO2 performance was not affected by typical airborne contaminants.

4.5.2.3.2A Condensate Water Recovery

Because of MSP groundrules of minimum initial cost and program risk, full water
recovery is not indicated. However, condensate water can be processed and

used for hygiene water use with a relatively simple multifiltration process.
This trade compared resupplying water versus onbeard condensate processing

for hygiene water use.

Figure 4.5.2.3.2A-1 shows the relative weight advantaqe of using processed
condensate water rather than potable water for hygiene. The weights shawn
reflect water plus tankage which must he launched and returned to earth.

The return weights for either option are higher than their respective launch
weights because of the additional water obtained from wet food and the water
produced during the metabolism of the food.

For the option using condensate water processing tor hygiene, the launch
weight includes the weight of multifiltration hardware. Since this is a one
time only penalty, the line would be Yuwerced by 200 pounds for subsequent
launches. It is anticipated that a cost break-cven point for incorporating
multifiltration water processing will be between 90 and 180 days. Until a
cost per pound {(or a cost opor cubic foet) ds detenmeed g precise cost trade
cannot be determined. 1t should be noted that a volume ditterence of 27 ft3
exists between the two concepts for o 120-day vequivement (112 ft3 with no

condensate processing vs 85 tt3 with condensate processing).

The use of multifiltration for condensate processimg provides a first step,

in-orbit evaluation, of water vecys Ling with anninel yisk,
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The multifiltration design being considered here is similar to the unit which
would be required to clean up processed water in a full water recovery system
being considered for the growth MSP. Therefore, the condensate processing
unit would be incorporated in later more advanced concepts for a no-throwaway
approach.

4,5.2.3.3 Atmosphere Humidity and Temperature Control Trade )

This trade compares several methods of integrating the condensing heat
exchanger with the water thermal control loops. The Spacelab unit, which is

a prime component, uses a sinyle condensing neat exchanger to both control
humidity and cabin air temperature. An alternate is to use separate heat
exchangers; a condensing heat exchanger with low air flow for humidity

control and a higher air flow unit for controlling cabin air temperature. The
advantage of the aiternate approach is that it allows a centralized unit to
provide humidity control for several modules thereby reducing the amount of
more complex condensate handling units. Therefore, the functions of humidity
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énd temperature control are accomplished by units uptimized for each separate
function. On the other hand, the single unit Spacelab approach requires

condensate collection in each module.

An important consideration in this trade is the maximum cabin cooling which

can be obtaived. The theoretical limit can be seen in Fiqure 4.5.2.3.3-1 and
this occurs when®the air outlet temperature cquals the cooling water inlet

This condition could occur in a condensing heat exchanger with
unlimited capacity. The figure shows the result for cabin temperature of 65
and 75°F and two levels of latent loads.
range of concepts studied, ali corresponding to a /5t cabin temperature. As

temperature.
Also shown on the figure is the

can be seen, the theoretical limit could be approached reasonably close which

means that based on MSP cooling water and air conditions. higher capacity heat

exchangers could not greatly increase atmosphere coolimyg.

Low load capability refers to the minimum atmosphere conling load required to
maintain cabin temperature and humidity.

Figure 4.5.2.3.3-1
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the cabin temperature will be reduced or additional heat must be added. Low
load capability is an important aspect of the design to obtain high levels of
operational flexibility.

Capability to grow refers to the ability to maintain atmosphere humidity and
temperature in all modules in the growth versions. In most cases there will be
less cooling water available to each module and therefore the humidity and
temperature control function will be more critical. This consideration is
addressed for each candidate in the paragraphs below.

Options for Humidity and Temperature Control

In the paragraphs below, five different heat exchanger arrangement options
will be described and their basic characteristics will be compared. Three of
the options consist of the Spacelab single unit approach and two options
consist of separate heat exchangers for humidity and temperature control. The
performance is based on a 75°F cabin temperature, a water supply of 43°F and
latent loads corcesponding to a three-man crew split equally in the three
modules plus a specimen latent load in the paylead module.

Series Arrangement of Dual-function Heat Exchangers

Figure 4.5.2.3.3-2 depicts this option which arranges Spacelab condensing heat
exchangers in series in each cooling water loop. This circulating water from
the Power System interface flows first through the heat exchangers so that the
coldest fluid can be used for the humidity control function. The amount of
sensible cooling obtained in the first condenser must be limited to about

1.74 kW so that a water supply temperature of 53°F or lower is available to
the second heat exchanger in the loop. This is necessary to ensure humidity
control in the second module. A total cooling capacity of 5.31 ki (0.66 kW
latent) is obtained in the Airltock/Adapter and Payload Module. The water loop
servicing the habitability modvle will provide 4.05 kW (0.23 kW latent) of
cooling, Other heat loads are located downstream of the condensing heat

exchangers.
The performance shown in Figure 4.5.2.3.3-2 is based on the highest anticipated

water flow rate of 592 1b/h/loop. This flow will be lower if the MSP is not
using the entire 26 AW electrical power from the Power Sys.em. 1f some of the
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Figure 4.5.2.3.3-2
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cooling must be dedicated to payloads attached dirve. {1y to the Power System, less
water flow will be available to the MSP.  The impact of reduced water flow on
bumidity and temperature control is shown in Figquee 3.4%.2.3.3-3. The data

shows that a water loop flow of at least U0 lh/he is necessary to control
humidity to 60°F dew point tomperaturve in the scoomt wadale, At that flow,
however, no cooling would be available wn the tirst heat exchanger so higher
water flow is necessary.

During growth, an additional Airlock/Adapter, habitation module and payload
modules are fitted on the initial configuration to inorease capability., In
this aption, atmosphere humidity and temperature contvol would be provided in
these growth modultes by placing additional condensyng heat exchangers in series
with the condenser servicing the inttial Habitation Module. Since three or
more heat exchangers would then be located in one water loop, the flow would be
increased in that loop and decrveased in the tarst toop <o that water loop flow
and heat toads are balanced.  Another alternate wonld place approximately

cqual numbder of heat exchangqers in cach Toop,
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Figure 4.5.2.3.3-3
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Parallel Arrangement of Dual-function Heat Exchangers

This arrangement, shown in Figure 4.5.2.3.3-4, is similar to the concept
discussed above except the heat exchangers are located in parallel. The
advantage of this concept is that 43°F fluid is available to each condensing
heat exchanger for control of humidity. Likewise, about the same amount of
cabin air cooling can be provided at each heat exchanger, so the system is
well balanced. The main disadvantage can be seen from Figure 4.5.2.3.3-5
which gives performance of varying numbers of heat exchangers. When the
number approaches four condensers, the cabin dew point starts to exceed the
60°F maximum allowable. This is caused by insufficient cooling water flow
rate to each condenser to lower the air temperature to about 58°F as required
for allowable humidity level. The figure also shows the total sensible
cooling available and amount for each heat exchanger. The range of performance

shown is due to range of anticipated cabin air temperature and latent loads.
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Figure 4.5.2.3.3-4
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Growth is severely limited for this option becauée only about four modules at
most can be accommodated based on the Spacelab approach of a single dual-
function heat exchanger located in the module. One possible solution to the
problem is to 1imit the total number of heat exchangers to three or four and
cool the remaining module by interchanging air between modules. However,
this approach also has performance limitations and fan powers would be large
for the relatively large interchange flows required. ‘

Alternate Concept- Series Arrangement of Dual function Heat
Exchangers with Interchange

Figure 4.5.2.3.3-6 shows an alternate to the concept shown in Figure
4.5.2.3.3-2. This concept is identical to that shown before but interchange
is provided between modules. This allows more cooling to be extracted from
the first heat exchanger in the loop, thereby avoiding the restriction of
53°F maximum allowable water temperature to the downstream condenser.

Figure 4.5.2.3.3-6 shows conditions for maximum cooling in the upstream heat
exchanger, 4.06 kW cooling available. Adequate interchange is provided to
keep the dew point in the Payload Module below 60°F.

Figure 4.5.2.3.3-6
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Separate Function Heat Exchangers - No Water Loop Tewperature Control
Figure 4.5.2.3.3-7 depicts this concept which iocates a humidity control
condenser in each separate compartment and a non-condensing sensible air

cooling heat exchanger in each module. The condenser receives the coldest,
43°F, fluid from the Power System interface as veguired to maintain a low
outlet dew point temperature. The outlet temperature from the condenser is
61°F to ensure no condensation in downstream heat oachangers at or below the
maximum cabin dew point of 60°F.

These conditions result in a total cooling of 3.17 kW in the condensers or a
sensible cooling load of 2.51 kW in the Aivlock/Adapter and 2.94 kW in the
Habitability Module. The maximum seusible cooling which can be obtained witn
Spacelab equipment is also shown in the figure. The condenser load cannot
fall below the 3.17 kW total in order to prevent cendensation in the sensible
cooling heat exchangers. 1If inadequate cabin heat fuvads are present, a cabin
air heater must be provided or a temperature control is necessary in the
water loop. This approach is discussed in the nest nparagraph.

Figure 4.5.¢.3.3-7
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Separate Function Heat Exchangers - Water Loop Jemperature Control

. The condenser heat exchangers in the option discussed above had relatively

large minimum heat load requirements in order to avoid condensation in the
sensible cooling heat exchangers. In the option presented in this paragraph,
' teﬁperature control is placed in the water loop to add water loop pump outlet
fluid to the water flowing to the sensible heat exchangers (see Figure
4.5.2.3.3-8). There are two major advantages to this approach. First the
minimum load in the two condensers can be reduced from 6.34 to 3.69 k¥. This
corresponds to a reduction in minimum sensible cooling load from 5.45 to

2.8 ki (nearly 50%). The second advantage is that the performance of the
sensible heat exchangers {is improved because larger water flow rates occur in
the units. This raises the total sensible cooling available from a single
Spacelab heat exchanger from 1.37 to 2.36 kW (based on two units on the loop).
The total sensible cooling for the initial MSP is reduced very slightly
because the condensers are providing less cooling with this option incorpora-
ting water loop temperature control.

Figure 4.5.2.3.3-8
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Two major disadvantages of this option is due to theAcomplexity of the control
valve and the higher pump power associated with the increased water flow in
part of the water loop. The control valve requirements are to maintain a
constant water flow (592 1b/hr for 25 kW MSP) to the Power System interface
and then split the pump bypass flow to the inlet and outlet of the sensible
heat exchanger. This split is established by the valve control logic to
maintain a 60°F temperature to the sensible heat exchanger inlet.

Comparison of Concepts
Table 4.5.2.3.3-1 compares the concepts based on the criteria discussed in the
preceding paragraphs. Distinguishing data is enclosed in a box.

The results show that the dual-function units have the advarcage of having no
minimum Toad and represent small penalties. Existing Spacelab unit can be
used with no changes. The parallel arranaed units have poor growth capa-
bility with the addition of more modules because the concept is very water

Table 4.5.2.3.3-1

SUMMARY OF TRADE STUDY RESULTS v
ATMOSPHERE HUMIDITY
AND TEMPERATURE CONTROL

N S——
Dual-Function HXs Separate-Function HXs

Na
Temperature | Temperature
Criteria Seories Paraiiel Cantrot Control

Sensible Cooling
Per Compartment (kW) |[1.51]-3.59 | 2.84-3.43 | 1.37.498 3.06-3.96

Total (kW) 7.59 9.1 11.22 10.08
Minimum Load (kW) 0 0 [347] 1.63(1
Cabin Dew Point Temp (°F) 48-59 53.57 58-60 60
Penaltles Smait | Small | 2AddHXs
Growth Single l lened] Medium Medium

Module
Limits
Water Flow Sensitivity Sensitive [\jc_ry] Madium Minimal

{1) Function ot Water Pump Design Flow
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flow sensitive. The series arrangement has limited cooling performance per i
compartment and for the entire MSP, ‘

The main disadvantage of the separate-function heat exchanger approaches is
that more heat exchangers are required. Also both of these concepts have a
large minimum load requirement and is high (3.17 kW) when there is no water
loop temperature control. The concept with temperature control requires a
complex control and pump power will be high, perhaps double the other concept..

The simpler concept using dual-function is adequate. Interchange air as
depicted in Figure 4.5.2.3.3-6 can be used to improve performance by

(1) increasing total sensible cooling from 7.59 to 8.23 kW and (2) increase
minimum sensible cooling load in the Airlock/Adapter from 1.51 to 3.59 kW.

Growth Concept for Atmosphere Humidity and Temperature Control
Figure 4.5.2.3.7-9 shows how the recommended concept can grow with the
addition of modules. In the case shown, an Airlock/Adapter and experiment

rigure 4.5.2.3.3-9
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module are added at the end of the Habitability Module. The dual purpose heat
exchangers of the growth modules are added in series with the unit in the {; ‘)
Habitability Module. Air interchange is provided between the modules. The -
total cooling available in this configuration is shown on the figure which can
provide up to 12.2 kW total cooling for both loops. This value is higher than
the maximum available in Figure 4.5.2.3.3-1 because a higher inlet temperature
of 80°F was used to account for fan and under-floor heat loads.

Figure 4.5.2.3.3-9 shows interchange between Habitability Module and the
growth Airlock/Adapter and between the growth Airlock/Adapter and the grouwth
payload module. This will result in a slightly higher humidity level in the
Airlock/Adapter compared with the Habitability Module and the growth Payload
Module can be even higher. For cases of high Habitability Module heat loads,
the humidity can be excessive in the growth Payload Module when high latent
loads exist there. One solution to this problem is to run the interchange
duct all the way between Habitability Module and aqrowth Payload Module,
however, fan power will increase. This design decisien is contingent upon the
detailed Payload Module design loads.

4.5.2.4 Degree of Oxygen and Water Recovery k
The degree of oxygen and water recovery frow waste products has a major system

level impact because recoverv concepts incredse wnitral costs and program risk

but reduce resupply needs. ‘he savinas in vesupp'v i an be shown with mass

balances for various levels of closure as will tw .twwn in this section.

As a point of departure, it should be noted that nue of the past manned
programs have recovered oxyyen or water. Consideratle development effort has
gone into recovery concepts. however, and many of t!u-we have reached a
sufficiently advanced state so as to be considered {2 use in the timeframe of
MSP.

Spacelab and Orbiter are relatively short duration miisions and have an ample
supply of fuel celil product water. Therefore, lonp «losure shows little
benefit so open-loop concepts are used. An example of a mass balance for open
loop is shown in Figure 4.5.2.4-1 which usces LiOH tur €0, control and recovers
no water or oxygen. The major expendables usced vy the f;ur-man crew are
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Figure §.5.2.4.1
MASS BALANCE FOR INITIAL PSP Wi
ORBITER/SPACELAB SUBSYSTEMS
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7.04 1b/day of oxygen, 33 1b/day of crew drinking and hygiene water and

78.48 1bh/day of food. Also, about 9.69 Ib/day (unpackaged) of L1OH is required
for CO2 control. Mast of these expendables are also returned to earth in the
form of CO., absorbed on LiOH; waste water and solids. Since return (landing)
capabilitykof the Qrbiter is Tess than launch, this large return could be
critical under some operating conditions,

Figure 4.5.0.3-2 is similar to the Spacelab/Orbiter concept exce